
UNCLASSIFIED

AD NUMBER

ADBO17118

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Test and evaluation; Nov
1976. Other requests shall be referred to
ASD/XRH, Wright-Patterson AFB, OH 45433.

AUTHORITY

ASD ltr dtd 4 May 1977

THIS PAGE IS UNCLASSIFIED



SD /X R-TR -76-26

SA/L

U- PRELIMINARY INFRARED RADIATION

o EMISSIONS PROGRAM (PIREP)

Volume II - User Manual

Aircraft Engine Group
General Electric Company

Cincinnati, Ohio 45215

15 November 1976

USER MANUAL

Distribution limited to U.S. Government agencies only; report cuntains test and

evaluation information, November 1976. Other requests for this document must be
referred to ASD/X.RH, Wright-Patterson Air Force Base, Ohio 45433.

DDC,

*Deputy for Development Planning
Aeronautical Systems Division D

SWright-Patterson Air Force Dase, Ohio 45433

SUCopy AV *'4* DOl ES POT
P~RM!TFULI- J. i~tUN



ERRATA: eLc4~~
*Please note the enclosed corrected six pages:

A-77, A-79, A-81, A-83

B-64 and B-65

ASD/X[R-TR.-76--26, USER MANUAL - Volume IT

PRELIMINARY INFRARED RADIATION EMISSIONS PROGRAM (PIREP)



ASD/XR-TR-76-26

PD ELIMINARY INFRARED RADIATION
W* "wet n EMISSIONS PROGRAM (PIREP)

Volume II - User Manual
SITY CiNES

'3• 2 •Aircraft Engine Gro.,p
General Electric Company

Cincinnati, Ohio 45215

15 Novembier 1976

USER MANUAL

Distribution limited to U.S. Government swgancles only; report contains test and

evaluation information, November 1976. Other requests for this doculiinnt must he

referred to ASO/XR)4, Wright-Patterson Air Forec Bac, Ohio 45433.

DDC

ProppreA fnr* nE ~ 2fn
E.puty for D.v'opmont Plunning MR22 1977 flJY
Aeronautical Systems Division UL1 ,.T Fn

Wright-P--itterson Air Forco Base, Ohio 45433



UNCLASSIFI ll ____

SECURITY CLASSIFICATION Of THIS PAGE (II?.. Own Fntord)

LREPORT DOCUMENTATION PAGE .4 READ INSTRUCTIONS

PD U N 2. GJýOVT ACCESSION4 1-4 CPINScA ~ !
ASD-XRrTR-76-26f40 - 6lyl - .- 7-' J T "r:; T4/l~

4. TITLE (- 36tf- s 7S. i OFP or f!oR, a Pift6o c vt to

USER MANUAL(1 ~RELIMINARY ______E RADIATIONEMISSION
I NFARE RAIATON MISION M 15, 1976 - Nov. .15, 1976

RFITON SIEP) 6 ,- . PERFORMING ORG., REPORT NUMBUER
ITI USEk MANUAL, ___________ ______

7.AUTH4OR(.)- M- - -.. . CONTRACT ON GRANT NUMBER(.)

/M. E./WitoltI ,. / F31615-76-C-16117

TZý tRFORMiING 0,0AN17.ATION NAME AND ADDRESS 10. PNOGNAM ELZMEP4T,PN~OJKCT, TA!6K
General Electric CompanyARA WKUNNUES
Aircraft Engine Croup 7~ L 2

Clncinnati, Ohio 45215
11. CONTROLLING OFFICE NAME AND ADDRESS 2

Aeroilutical Systems Division, Air Force Systm 5Nov 7E)____
Comri'nd, United Statecs Air Force 1. NUMBER OF PtGES

Wright-P~atterson AFB, Ohio 45433_____
174. MONITONING AGENCY NAME a AOORIESS(it dIll.,... 7,... cnnl-IIIna Offi..) 15 SECUMITVY CLASS. (of this. roport)

UNCLASSIFIED

1a. DISTRIBUTION STI tEMENT (.1 his lf~p'rd)

Distribution limited to U.S. Government agenci~es only; report contains test
and evaluation information, November 1976. other requests for this document
must be referred to ASD/XRII, Wright-Patterson AFB, Ohio.

If. SUPPLILMENT' 4Y NOTES

This report will. be superceded by a JTCG/AS report after review and
incorporation of any needed supplementary matarial.

It. KEY WORDS (CIl.. on, --. .d. It . -d idonwlfy hy UI/"k --,h-)r

Aircraft Surv~vability prel imiunary IR tiiialysis
IR Aircraft Configuration PIREP
IR Emissions Control IRCM Requi~ements

!ASTRACT (C-11,...- idIt,,,...y -d id-~ify b1  oJ, 61....h .
PIREP (Preliminary Infrared Radiation Emissions Predictions) is a computer

routine for providing pr-Jl4mfnary lIR Lignaturo! e6tiwat-es fur turbolt , turbo-
fan and turboshaft engine,;. The peak plume and hot parts infrared emissions
Jean be made available an part of the output for each auud every engine, cycle,
and flight ýonodit ion at iow cost to the use~r. In thiLn way estimnates (.Ii
stisceptAbility to missile threat,- can be included as; an integral factor In
prel Imli ary engine design and reali-stic efforts cin 131 mnde to ,3clcct cyclo.ýý
wi ich present low IR signatures to specific threat environments. I

DD JA1 14IJ EDITION Or 1 NOV 63SIý0111,LIETIE

I. .L.Ui-hILLAb~iffi-AT)ON OF Tliq r IP (W*-, D.'. RMn.,.,l



UNCLASSIFIED

S[CuRITY CLASSIFICATION OF THIS PAGrE(U7.., DV.I. Ee.,.d)

Extended PIREP can aluo evaluate the suppression potential of several
candidate engines or missions for relatively low cost during the early
selection of phases of engine designs. The user can judge the potential of
more adlvanced missiles Lnd calculate lockon ranges for use in survivability
studi. or for comparison of different cycle/engine designs. Quick esti-
mates are available to judge whether a candidate cycle can possibly meet
given IR specifications before more expensive detailed studies are
initiated.

I\,

IM

SIECUP$ITv CLASSIFICATION OF T•A.SIS PAG[E(WPh-. Dfsf Irnfood)

[~~~~~D~ -F- - -. r.-- --- e.--}



FOREWORD

This report is the product of a jointly planned and corrdinated
effort ulder nognizance of the Joint Technical Coordinating Group on
Aircraft Survivability (JTCG/AS), Naval Air Systems Command, Code 5204J,
Washington, D. C. 20361. The JTCG/AS is a chartered activity under the
aegis of the Joint AMC/NMC/AFLC/ irC]/AS-i-•--U6 " This effort was
managed by USAF Aeronautical Systems Div aton, Deputy for Development
Planning, ASD/XRHP, S. E. Tate, WPAFB, Ohio 45433.

The development of this program and the preparation of the report
was performed by the Aircraft Engine Group of the General Electric
Company, Cincinnati, Ohio.
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SUIMARY

A new design tool, the Preliminary Infrared Radiation Emissions Program
(PIREP) has 1,-en developed to bring the infrared emissions considerations
into the realm of configuration definition and preliminary design of
aircraft.

This development sponsored by the Air Force has been achieved through
the cooperation of USN/ONR code 211 and USAF/ASD/XRH in a series of studies
to compile, crganize, and manage the existing extensive data base of infra-
red knowledge and related influences on aeronautical systems survivability.

Little knowledge of IR countermeasures (IRCM) technology is necessary
for the use of PIREP in comparing one engine against another or in pre-
liminary suppression evaluations. As a desigli cngiiieur becomes Lncremtshingly
conversant with the problems involved, it is expected that he will in-
creasingly utilize the options available in PIREP.

It must be emphoisized that the IR signatures estimated by PIREP are

good approximations; useful, quick estimates for early s;tidy piirpo'los; to
identify design parameters, to develop data and to identify gross dispari-

ties between types to engine cycles. Once the designs have been reduced to
a few candiuau,, designs, then it may be desirable to apply the highly
sophisticated a1,n( more accurate IR signature analysis programs.

PIREP consists of three sections; the basic module, extension I for

lockon ranige and extension II for spectral studies. All three sections
are capable of dual mode operation; attached to engine performance decks or
Initiated by an independent executor program which contains the input and
output (I/O) functions.

It Is envisioned that the basic PIREP will eventually be an integral
part of er.ginc performance decks whilu the extensions will ý; applied to
independent analyses of details.

lii
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1. INTRODUCTION

During concept definition (CD) and preliminary design (PD) activity
many tens or a few hundred configurations of engine cycles and comporenti-
as well as airframe components must be tentatively evaluated to evolve a
desirable few candidate designs. One of these candidates then becnoming
designated a baseline for additional design and mission capability

comparison. Obviously, many (IR emission) critical decisions have already
been made at this stage. If JR emissions are to be successfully managed
in aerosp ce systems design, it must be integrated into tne CD and PD

activity.

A new data management scheme, developed in this effort, is specifically
tailored to make IR kaowledge available for CD and PD. The Preliminary
Infrared Radiation Emissions Program (PIREP), a quick inexpensive computer
routine for evaluating IR emissions, was designed to be an attachment for
customer engine performance decks to produce IR emission parameters along
with all other engine performance parameters. PIREP is suitable, also,
for inclu5ion in engine performance parametric d2cks, or it can be operated

indepeadently for more detailed or parametric studies. PTREP was developed
• j• for the U.S. Air Force under contract 1733615-76,-C-0117.

PIREP was Initiated as a result of the IR Handbook program sponsored
by the USN, Office of Naval Re:eo'rch (Ref. 1), a program which has con-
centrated on gathering current m ýhodology, organizating the extensive data
base of infrared knowledge, a,,d increasing survivability through improve-

ment of analytical tools.

A technique for utilizing data correlation analysis, Plume Cycle IR

Paremeter (PCIR) was developed under Contract N00014-74-C-0074, as a
cooperative venture between USN, Office of Naval Resea ch and USAF/
ASD-XR (Ref. 1). Ihis technique represents peak plume emissions in twn
wavelength bands (1.8-2.7pm and 3.9-4.8pm defined as functions of engine

cycle parameters, A companion effort developed under the same contract

(C-f)074) provides an algorithm for cngine [lot I'irtý Emiss i us, the Cycle
IR Parameter (CIR).

.PIREP represents tl'e next logical step; to develop a computer routine
Lo express these predicclon methods.

S-I-



II. GENERAL DESCRIPTION

A. PIREP System

P11EP is a computer pr,)gram for rapidly ge,)nerating turbine
engine iR emissions intensities and distribution for use with aircraft
engine performance decks u.aed by the government. The program operates in
two independent modes: in connection with and attached to engine perfor,-
mance decks used by the Government or supported by a self-standing
i:idependent execul.or program. Each initiator will provide the input and
output (I/O) functions. As a minimum, input will require some description
of engine and exhaust system, aircraft configuration, observing system and
scenerio. Typical input data will include: T5, turbine discharge tem-
perature, 0 R; T7, exhaust exit temperatu'e, OR; A8, exhaust throat area,
in 2 ; P8 exhaust total pressure nsia; PAMB, ambient pressure, psia; TAMB,
ambient temperature, OR; V19, secondary flow velocity, ft/sec; NM, flight
Mach nurber; ALT, altitude, K ft.; and FAR, fuel air ratio at the exhaust
exit plane. The cycle parameter information is transmitted to the basic
PIREP which computes the preliminary source IR numbers and feeds the results
back to the initiator for output. The parameter END, also in the calling
sequence, determines whether or not the program proceeds to the extended
routines for additional studies.

PIREP is composed of three main sections: (a) Ba>,Ic PIREP, (b) Range
Extension (I), and (c) Spectra Extension (II). These sections, represen-
ted In the flow chart of Figure 1, are discussed in more detail below. The
Range Extension (1) of PIREP facilitates a quick study of Lockon ranges for
nominal IR seeking missiles, and evaluation of candidate IR emission manage-
ment schemes. The Spectra Extension (II) facilitates spectral analysis for
consideration of specific missiles, special filters, or more refined IR
emission management schemes. It is envisioned that the Basic PIPEP will
eventualiy be an integral part of engine performance do, ks, but the two
PIREP extensions will continue to be utilized for det.ni ,ed Independent
design analysis.

B. Basic PIREP with Cycle Deck

The Basic PIREP uses less than 1K (octal) store.ge. It computes the
preliminary cycle IR numbers for plume(PCIRI, PCIR2) and hot parts (CTRI,
0CR2) where I and 2 refer to the wavelength bands, I -2.7pm and 3.9-4.81im
respectively. These are repveseuntatlve of bands for tint parts and plunme

seeking missiles. The hot parts numbers are the source radiacions near
tail-on to the aircraft which usually are the maximum hot-part IR emissions
available to a missile. The plu.Me number:. ar. c ,ac~iaLions normal to
the exhaust system centerline and are usually the maximum plume emissions
available to a mis-nile.

2
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To use PIREP in an engine cycle deck, some routine of the deck itself

must be modifIed to "nl I I ")FP" at thL cnd Uo eacAh cytiv point evaluation.
This is most conveniently a;dded In the output or print routine. In addi-
tion, a write ;t;lti'mont aind lofit staLaeLwiit must be added to the output
routine for presenting the PCIR numbers. The specific statements to be
included into a cycle deck are:

CALL PIREP(AW-?I ,ArG2,ARG3,ARG4,AIVG5,AG6C6AG7,
+ AIW3 , ,ARG9,AP1o,CIR ,CI RP2,PCIRI,PC1Q2,pND)

WRITE(6,XXXX) PCIRI, CIR2,CPl ,CIR2

XXXX FOPMAT(//2OX,IoHIr? iNDICFSS//
+ 15X,fqH1 .P-2.7,4X,7H3.o-4.9//

+ 2X,5HPLUMF,2X,2FI2.C)/
+ 2X,7HH0T PTS,2FI2.X)

where

ARG1 = exhaust total temperature, OR

ARG2 - turbine discharge temperature, OR
ARG3 - exhaust throat area, in 2

ARG4 - total pressure at exhaust exit, psia
ARG5 = ambient pressure, psia
AAG6 - ambient temperature, OR
ARG7 = secondary flow velocity, ft/sec.

ARG8 - flight Mach number
ARG9 - fuel-to-air ratio
ARGIO = altitude, K ft.

If basic PIREP only Is being used ARG9 and ARGIO are not used.

C. Basic PIREP with Executor

The executor routine operates in two modes:

o Since it provides cycle data input directly, it ma. be used to com--
pute basic cycle IR parameters for a number of cyc(,'s in sequence. For
this purpose the parameter, END, need not be supplied initially and
the program will keep returning for additional cycle information
until ND _" iiVpuL equal Lu -1.

o END must be set equal to 99 If the PIREP extensions are to he ,-sed.
END -99 also accesses the extension rotines directly from the
cycle deck.

The basic CIR parameters are restricted to source ,-misslons for hot parts
near tall-on and plume at 90' aspect angle for two specific wavelength ban's:
1.8- 2 .71im and 3.9-4.8pm

4



D. Range Extemslon I

Extension I is restricted to the same two wavelength bands mentioned
above. For these bands, it can calculate atmospheric attenuated radiation,

k the effect of nozzle shape cn plume emissions, simple 2-element cooling or
coating emissions for hot parts suppression, and lockon ranges for typical
missiles in both wavelength bands. This permits limited studies for the
evaluation of suppresalon concepts applied to :cneclfic engine cycles and
for comparlson of vulnerability envelopes.

E. Spectra Exteusion 1L

Extension It provides for approximate spectral distribution of plume
emissloas and plumf'/atmospheric transissivIsties and for evaluation of
a 6-element nozzle exhaust system with centerbody. It also enables the
user to evaluate roughly the effects of partial surface coatings, of cool-
ants, and of blockage on vuln2rability to advanced missile threats.

I



TT1. INPUT/OUTPUT

A. Discussion

A srls of seven sample problems have been prepared to exercise all
of the options available in basic PIREP and its extensions. The sample

problems are grouped according to the PIREP model being employed and in a
sequence that might be used in actual practice. The completed exercise
involves:

o Sample 1. Comparison of two different engines at several flight
conditions.

o Sample ". Evaluation of preliminary signature and lock-on for one engine
and one flight condition (1-2).

o Sample 3. Evaluation of plume suppressor capabilities with special
lockon options also for the 1-2 case.

o Sample 4. Preliminary study of hot parts suppression.

o Sample 5. Evaluation of two engine conrigurations for the 1-2 case of
sample 1 with different cooling and coating schemes.

o Sample 6. Study of spectral XR signature ;-id lockon for the 1-2 case.

o Sample Y. I 7Ii, - fIon of lockon for an advanced missile including air-
Irame emissions external to the exhaust system.

Each of these exercises has been handled as If it were part of a real
problem in evaluation of engines and cycles during preliminary design

The information pertaining to each operational mode of PIREP should
be thoroughly digested before any attempt is made to use that portion of

the program in an jctual situation.

The input sheet.s tc be used with PIREP are discussed in the following
section prior to the presentation of the sample problems.

B. Inp•ut Sheets

There are 4 pages of input for ie with PIREP. The input parameters

used are br;efly deflned on each page. Namelist input is used throughout.
A general description of the input sheets follows.

I. Executor Input

The input to the executor routine is an alternative to input derived

directly from i cycle deck. It provides tho ne...- y engine infor atioa



to define the engine and cycle conditions for plume and hot parts IR
source missions and subsequent studies as requested.

2. Title - Genieral Information

Two lines of aLphanumeric title identity the case being analyzed. This
Input is not namelist but Is formatted for 60 spaces of alphanumeric charac-,
ters per line.

Observer Location

A parametric study of observer locations indicated by ranges, azimuth
angles, and elevation angles may be specified.

Plume S!uppress ion

Plume suppression is restricted to nozzle shape and engine exhaust gas
variations. Nozzle shape Inv tlgations consist of altering the exhnust
shape from round to rei-tangu.-r shapes of specified aspect rations.

3. Missile Description.

Lockon studies may be performed for missiles with typical characteris-
tics or for missiles with characteristics supplied by the user. In addi-
tion, spectral outpi t and IR emissions in specified wavelength bands may
be obtained without rerquestiw lockon ranges.

4. Hot Parts Suppression

Hot parts suppression can be achieved by cooling, coating or blockage.
Simple parametric studies involving these suppression techniques for assy-
metric bodies can be specified. An estimated of external aircrft surface
area, emissivity and temperature can also be supplied.

7



Page 1

EXECUTOR INPUT

$ :YCLE

l''j, TI M, = , L8. ,

PAMB ' , 'I'AMB = _, XM = V19 =

ALT - , FAR = , END ,,

Mnemonic DcsripAt21on Un I ts

15 Turbine Discharge Temperature OR

T7 Exhaust Exit Temperature 'R

A8 Throat Area In2

PAM3 Ambient pressure psia

TAMB Ambient temperature OR

V19 Secondary flow velou-ty ft/sec

XM Flight Mach number

ALT Altitude K feet

FAR Fuel-air ratio at exit

END Extension Option

S9'ý calculate PCIR parameters and return

- 99 calculate PCIR parameters, continue

into extensions and stop

- -1 stop catculations (tur use with executor

rout ine only)
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iV. SAMPf.E PROBLIt1S

A. TEST PROBIt24 I En lnc/C ciC(op,.mr lso-ns (EXECUTOR ONLY)

-Objectivs: tv To compare the IR emissions from a mixed [low engine to a
separated flow engine at 3 flight conditions: sea level static; see level,
M-1.0; and M= 2 at 50K feet altitude.

1. Discussionofli put - For this study, it is assumed that both
engines have been sized to give the same thrust at sea level static cornli-
lion. The cycle data is available from independent sources and presented
in Table 1. Use will be made of the executor routine and the basic PIREP
routine only. Input cards are listed in the Table II..

2. Input instructions - (for card listing see Figure 2 )

a. ExeC:utor: Cycle valies are input for all parameters for each
engine/flight condition being evaluated.

b. General _input: Not applicable

c. Missile Descript ion : Not applicable

d. Hot Parts Suppression: Not applicable

3. Descrip~ton of (ujLpuL The PIREP printout is presented in Appen-
dix A-I. There is one set of otiput tor eahll ,i-jt :bmit ttd . nhi
output consists of a tabulation of the input quantities and the IR indices.
These numbers estimate peak source radiation In the l.8-2.71im and 3.9-4.f6pm
bands for plume and hot parts.

4. O) �i ssILui of R-'!,ul Zt;: The re•,;ult!; ut 'l'e;t Problem I i are summari-
zed In Table 1.

As expected engine I with a mixed flow -ycle uxlilb its higher liot parts

emissions (because h lie exhlui;t NIl'int; i larfgtr) but lower p1ura i omissions
(because the exhaust gas mixed temperature Is lower). This comparison ks
true here for both wavelength bands ano ttor all threCe flight I:otdllLlon.o;.

For our sample problem, it will be easier to suppress hot parts than
plume and engine I is therefore selected for further studies, in addition,
condition 2will bet. Itrctd for further stmi.ics ccat-ii.o It is more repro-
8nelit lytve of t he t0"V to JViltn-ij t[i . (Thac c" ie i Lj , i tilky decisions for ouo

"sample problems; a difftiren - s.el-ction might be made for a different
aoipllcatlou•.)

12
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PA-ýlll1=4. 7 ,TAM=5j2 0,XIA=I.,VIl 9 :o,
AL'ldJ,FAR=.o, Ud$
SC YCLE

PAMB=! I.6w), TAMb=3UOIXMý2 . V I ý
AL.T=50, FAR= .0099$
SC Y CLE
TI-=992,T7=1992tA8d32).7yP

8=4 2 6 9 6 ,
PAýMB= 14.7 ,TAMB=52o, XM=01 VI 9=1540.7,

$,rYCLE
Thý)2008,T7=200d,AB=311. 9 ,P8=55 3 6,PAMH=14.1,IAMB=20,XM=1,V)

9 ý)85 .7,
AL'f=0,FAfR=.O2 43$
$ CYCLE

1ý-i 'i=203I ,T7=2031 ,ýi3=298.1I,P8=19.77,
PAMB=1.66 ,TAMB=380,XM=2,VI9=235

3 .1
ALIT=O,FAR=.02 356$
$CYCLE END=-Is ____________

F~~gure~O 2.L tlgu Input. Card., I'lr Tvst. Proble 1.m

Tate I1 . rvyc, MIhIa Inpqit and 1-a IR Emlsu ions OUtput for Problem I.

InpuL Condit ions

E"GlNE I I-NGJNE 7
(:undliton 1 2 "3 1 2 3

TI 11,15 1388.1 1401.8 1992 2008.1 2031.4
TS 1992 2003.1. 2031.4 1992. 2008.1 2031.4
Tamb 520. 520. 380. 520. 529. 380.
P8 42.S3 56.82 20.64 42.696 55.36 1-9.774
t'omb j/'.) 14.7 1.682 14.7 14.7 1.682

AS W.3 51/4. 9 509.8 W2O. 311.9 2.98.1
VI1 1 .0 2.0 (1 Z. .0I.
V19 0 - 1140. 1 1ý805.7 23131.1
ImAR .012( .010801 .0099 .,0251 .0243 .02356

__ALT 0050 00 so

PC 11R1 253. U1. 1 .0 20') 241 17
It",2 362 3149 107 02 1411) 61/1

18R 136 21010 212) 11.51 1.P) 19
Cl2 1211 __ 1298 13/,1 / 19 /5/ 5(0



B. TEST PROBLEM 1I: Signature and Lockon (Extension 1)

Objectivc: To deteiriinc the IR Loignature and lockon ranges for engine

I at condition 2.

1. Discussion of_ Input: The IR characteristics for cycle 1-2 will he

evaluated for aspect angles 0, 30, 60, 90, 130 and 170 degrees at ranges of

0, 5000, 50,000, and 100,000 feet at zero elevation only (horizontal to the

aircraft) . Aspect angles are relative to the exhaust system centerline

with tail-On equal to zero degrees.

2. Input lnstructionns: (For card listing, See Figure 3

a. Executor: Cycle values are input for selected engine/flight con-

ditions (1-2). END Is set to 99 to signal extension calculations.

b. General input:

Specify (1) 2 lines of title
(2) aspect an~les (ASP)
(3) range (RNCIV)

THrTA, ASPI not appl icab]

C. Missile Descript ion: Set NIOCK-2 to signal lockon calculation

using Internally supplied missile characteristics.

No other Input applicable.

d. Hot Parts Suppression: Use NE-I one engine only. Use basic unsup-

pressed engine assumptions. No additional input needed.

SC (CL E
'T5-2OOu,T 1 1 3ad 9 A&=534.6, Pa=56.ut2 ,

PAMB=14.7,TAMB-520,Vl9=0,XM=l ,ALT=u,
F1AR=.0109,FNIN=995

PIREP TEST PROBLEM 2
SIGNATURJJI AND LUCKIIN

S INPU f
ASP=0,30,60,90, 130,170,
WANGE=0,5000,50000, 100000,
NI_('K=(z) N.= ! s

$ENGINE $

Figure 3: lIst Fiig lI Inprt Cards for Test Problem 2.
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3. Description of Output

Pag .- Cycle input and PCIR numbers, as described in the Test Problem

1 are given in addition to the following missile characteristics:

(I) The missile number for later reference
(2) The wavelength band associated with the missile (microns)
(3) The sensitivity of the missile over the entire band. This is

dimensionless number relating to the degradation of the signal
near the perimeter. There is a spectral sensitivity associa-
ted with each missile which is accounted for in this program
by cutting off the wavelength bands at the 50% sensitivity.

(4) NEI is the noise equivalent input of the missile internal

system (watts/cm2 )
(5) S/N is the ratio of the signal-to-noise necessary to achieve

lockon for the given missile.

Page - The input values pertaining to the case being calculated are
listed.

Page - Exhaust hot parts output includes:

(1) The projected areas for each node at each aspect angle. For
the simplest case there is one node at exhaust exit tempera-
ture and area.

(2) The total emissions for each aspect angle and wavelength band
are listed. The plume and hot parts IR totals are given for
each wavelength band

Pages- Input values and output totals for both cases.

page-

Lockon range in feet for each missile, each angle.

4. Discussion of Results: A summary of the results of the output for
problem II arr presented i! Table 2. The major areas of vulnerability art,
plume emissions near broadside i, he 3.9-4.8 m band and hot parts emissions
from Lail-on to broadsidL, in bot|n Lands au; expected.

-,nnrpprsgion gt-iidrl will 1b- condtiterd for tho plume hby ,_FIng recta, u-

lar shaped nozzles for hot parts by using coating, cooling and shielding
schemes.

15



Table 2: Signature a'd Lockon Ranges 1,br Basic Cycle

1.8-2.7pm 3.9-4.8pm
Aspect Distance Plume Hot Parts Plume Hot Parts
Angle (K ft) Watts/Steradian Watts/Steradian

0 0 1.4 2010 30.4 1298
5 .02 828 1.25 664

50 .003 424 .113 426
100 .003 303 .074 353

Lockon Range -Ft Q_ 30.508 118.20

30* 0 8.3 1741 175 1124
5 .14 717 7.18 575

50 .02 367 .65 368
100 .015 262 .43 305

Lockon Ran__e (K ft) 28.7 111.3

600 0 14.4 1005 303 649

5 .24 414 12.4 .332
50 .031 212 1.12 212

100 .026 151 .736 176

Lockon Rane ft) 22.7 86.9

900 0 16.6 0 349 0
5 .27 0 14.4 0

50 .035 0 1 30 0
100 .030 0 .85 0

Lockon Range (K ft) 2.3 12.9

1300 0 12.7 0 268 0
5 .21 0 11.0 0

50 .03 0 .99 0
100 .02 0 .65 0

Lockon Range •K t) 2.2 119.

1700 0 2.9 0 60.7 0
5 .05 0 2 49 0

5U .OI 0 .23 0
00.005 18 0 .15

Lockon 7.5)1.8 _.5
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C. TEST PROBLEM III - Plume Supprprgion

Objective: To determine the effect of nozzle shaping on the plume

emissh(ns for engine/cycle 1-2.

1. Discussion of Input - For the engine cycle 1-2, aspect ratios of 4
to 10 are compared to the round jet (aspect ratio = 1) for 3 elevation
aigles (0, 45, 90) and 2 ranges (0, 50K feet). For this study, use only the
9)0° aspect angle where peak plume emissions 3ccur.

To exercise thc options, the lockon ranges will be evaluated for modi-
fied less sensitive missile characteristics in the basic bands with charac-
teristics specified in Table 3.

Table 3. Modified Missil-e Characteristics

Wavelength _Band Band Sensitivity NEI S/N

1.8-2.7 .5 3 x 10- 9  4
3.9-4.8 .7 8 x i0- 1 0  1.0

2. Input Instructions (For card listing see figure 4)

a. &.xcxutor: same as in Test Problem Ii

b. (;,neral Input

Specifyz (1) 2 lines of title
(2) aspect angle (ASP)
(3) range (RANGE)
(4) Elevat ion angle (THTA)
(5) Aspect Ratio (ASPI)

c. .4issile Description

';to- J 4:y, . N, Th rj 1 N W •' n "nj N!,Prv = 9

d. Hot Parts Suppression

Same as Test Problem 11

17



$CYCLE
T5=2008, T7= 138, AB8534.6, P8-56.82,
PAMt3=14.7,TAM8=520,V19=0,XM-I,
ALT=U,FAk=.010i,kEND=99S

PIREP TEST PROBLEM 3
PLUME SUPPRESSION

$ INPUT
ASP-90,
RANGE-0, bOO00,
THTA=O,45,90,
ASPI=I ,4, 10,
NE= ,NLUCK-2,
5N=4, I ,8SNS-.5,.7,
NEI-3.E-10,8.E-I0S
$ENGINE $

Figure Listing of Input Carde for Test Problem 3

Description of Outu~t (Appendix A-1l1)

The output is s4Fiflar to that of test problem 11 except that the missile
characteristics on page one confhrm now to the input values and since all
cases were at 90' ->~ect, t.here is not hot parts output.

Discussiori of Resoit•.,

'he plume sup.ression results are summarized in Table 4. The lockon
i' c• f r the plume seeking missile has been decreased from 12.4K feet to
8.;. i'let fqr tne broadside view (0=00) and to 5.9 K feet for the narrow
Oil_ ,lew (0-90*) at an aspect ratio of 10. This is an 86% reduction of
p. .: -i;,ions viewed from the broadside and a 97% reduction viewed from
rt., arrow Bide. One must conclude that significant plume IR reductions can

ved with nozzle qhaping. However, the lessened vulnerability is not
i it cost. Part If thL r~ductlon is caused by In..reased mixing in the

tiowfield Induced by eddies off the cornerR of the re, ringuiar exhaut~ts,
which increase drag and decrease performance. Also, a rectangular nozzle
is heavier than aai equivalent round nozzle. The advantages must, therefore,
he weighcd against the diasdvanitages for a given mission/threat environment.

18



Table 4. Plume Su-pression Results

A. 1.•_ -__ 7

Elevation Aspect Emissions at Lockon Range

Angle Ratio 0 Feet ,OK Feet (K Ft.)
Watts/S er.

0 1.0 17 0.03 1.4
4.0 6.6 0.01 1-0

10.0 2.3 0.005 0.7

450 1.0 17 0.03 1.4

4.0 5.7 0.01 1.0

10.0 1. 8 0.004 0.7

900 1.0 17 0.03 1.4

4.0 3.7 0.008 0.9
10.0 0.51 __ 0.001 0.5

B. 3.9-4.8 ro

0 1.0 349.0 1.3 12.4
4.0 167.0 0.62 9.7

-10.0 95.0 0.35 8.1

450 1.0 349.0 1.3 12.4

4.0 152.0 0.56 9.4

10.0 78.3 0.29 7.6

900 1.0 349.0 1.3 12.4
4.0 114.7 0.43 8.6

10,0 37. 2 0.14 5.9
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TEST PROBLMI IV - Hot Parts Suppression I

bJctiyj: To make a quick study of potential for suppres:' ton by
cooling of hot parts.

1. Input Discussions: The nominal temperature for hot parts was
2008'R, the exhaust exit total temperature. For this study assume cooling
of hot parts can be achieved such that

a) 1/4 the area is cooled to 1500*R
b) 1/2 the area is cooled to 1500'R
c) all the area is cooled to 1500R

The emissions are evaluated for 0' and 30* only at ranges of 3 and 50K
feet. No lockon is calculated.

2. Input Instructions: (For card listing see Figure 5)

a) Executor - Same as test problem TI
b) General Input

Specify (1) 2 lines of title
(2) aspect angles
(3) rcanges

no other input Is applicable.
c) Missile Descripýtion

No input applicable

d) Hot Parts Su presslon: Number of exhaust systems being
studied is 3.

For each case, surface temperatures are 2008'R and 1.500R.
The emissivities are assumed to equal I. The portions oif the sur-
face associated with temper;iture 1, 2008*R, and .75, .5 and 0, res-
pect ively.

No otler input Is applicable

NOTE: A separate $EN;INE namelist must be supplied for each variation of
exhaust system.

3. Description of Output: The description of uoutput for this problem
is identical to that for problem IL except for the exhaust hot parts output.
Here, since two nodes (or areas) are involved, the output has been separated
so that the emissions from each node cah be studied Renqrn-tiPy rolumn
headings are not particularly meaningful for this problem and so will he
discussed fully under TEST PROBLEM V.

20
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4. Discu,•;oiun of Re-sults: The results ot this study are sum-
marized in Table 5. A significant reduction in hot parts IR emissions
('085%) will be achieved if the source temperature can be reduced to
I500"R. Even this much reduction will not be sufficient to achieve a
desirable degree of invulnerability. A more detailed study is neces-
sary to dfscover whether a realistic level can be achieved.

$CYCLE
"15-2iTI- 13 i~, AJA8-534.6, P8-56.182,
PAMB,14.7,TAMB=519,VI9V9OXMi-1,
P8-56.82,
ALT0,FAk-. 010d, FNf),99$

PIREP TEST PROBLEM 4
HOT PARTS SUPPRESSION I

S INPUT
ASP-0,30.
kANGL-O,5 000• ,
hE=3$
SENGINE
TW= 150,2008,
EMb--I , I
Xl=.2b, .25$
SENGINE
TH= 1500,e008,
Xi-.5,.5$
$ENGINE
iW- 1500, X I -, L$

Figure 5: Listing of Inpui Cardr: for Test Problem 4
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TEST PROBLU1 V - Hot Parts Suppression 11

Obj,_i•_cv: To study in detail suppression concepts for engine con-
figurattios having the same cycle cond itions.

1. -Discussion of I Inyut: Two candidate configurations will be
evaluated in both unsuppressed and suppressed modes. Schematics of the
basic configurations are shown In Figure . Each is the same length,
turbine area, throat area, and exit area. Cotl iguration B has a plug
centerbody to hide the hot turbine emiss ions.

The study suppressed configurations will follow the schedule of
[able 6. CooJing of a surface is assumed when the temperature is lowered;
coating of the surface Is assumed when the emissivity is changed.

Configuration A-0 is a schematic representat ion of the baseline
unsuppressed exhaust system. The visible InLterior surfaces are at 2008'KR
(EUT), the nozzle flap ia cooled to 1388°R and the turbine runs about 5%
higher at turbine discharge temperature, TDT = 2108'R. The surface
emissivities are given nominal values (.65) which is in the normal range
for exhaust system appl ic-t lons. The system is represinted by five
surfaces;

(1) the upstream center exhaust flowpath boundary
(2) the dow,, tream outer exhaust flow boundary surface
(3) the nozzle flap
(4) the centerbody
(5) the turbine exit plane

Configuration B--0 Is a schematic of a plug nozzle configuration
with the same A8 and A9. The purpose of the plug Is to hide the hot parts
of the Inxner exhaust syn tern from view. Some plug configurations extend
beyond the exit plane and provide additional hot parts emissions from side
aspects. This Is not a iarge factor In our problem because tihe plug
ends at the exhaust plane and at the off tall-on angles. The aerodynamics

associated with this particular configuration would he so bad as to pro-
hibit its use but for IR considerations only; it i. representative of
a real solution. Configuration B Is also cooled and coated according to
the schedule in Table VI. There are 6 4urfaces to tonsider in this
system:

(1) Internal exhaust surface
(2) nozzle flap
(3 4 4) Internal. centerbody surface
(5) visible centerbody surface
(6) turbine exit plane

23
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2(),2) (it 20) (10,20)

1
1000______0)__

Conftguriation A

(50, 23.8)
(0,20)

(D
(020) (70, 14.0)

(0,10) (10,10)

Configuration B

Figure 6. Schen it'cs of Bastc Exhiust CohF igitirratltoi,.

Table 6. Schedile for Surface 'rtumperatires and ErMiss ivit es for Suppressed
Exhaust Con)iguratlons

lemperature (*R)/Emissivity

Surface
No. A - 0 A-1 A-2 A-3

1 2008/.65 .,.
2 1388/.65 ,," . . .. .

3 1388/.65 * - 1100/.65 1100/.65

4 2008/.65 1100/.05 - 1100/.95

5 2108/1.0 .. .

B -0 B-I B-2 B-3

1 2008/.65 - . ...
2 1388/.65 I-- l100/.65 1100/.95

3-4 2008/.65 ... .. . .... .
5 2008/.65 1100/.65 ... . 1100/.95

6 2108/.65 . . . -

24



2. Inpt lnatruction'; (For card liAt lug -cc Ftgurc 7)

a. Executor
Same as Test Problem 1I

b. Gcral Ionut
Same a!, Test Problem IV

c. Missile Descriptions
1ot input app b.abLe

d. liot Parts Suppression
The number of exhaust systems to be studied is 8.

For each configuration specify:

(1) The X-Y coordinates of the outer flowpat.h surface from the turbine
exit plane to the exhaust plane. (XI, YI)

(2) The X-Y coordInates of the centerbody from the turbine exit plane
to the end of the centerbody. (XC, Y,)

The nodes supplied in thit manner will be numbered internally in
sequence. An additional node will be added to represent. the turbine exit
plane. Temperatures (Tw) and emissivities tEMS) must be supplied for each
of these nodes.

The $ENGINE namelist must be used 8 times (once for each configuration)
and all the input must be supplied in full each time.

No other input applies.

3. Description of Output: Th( description of output for 0%18 problem
Is the same as that of problem I1 except -or the exhaust hot parts output.

For this case, the coordinates of th. exhaust surface and the center-
body are printed out. The internal view factors calculated by the system
ate given for each node along with the area. One additional node represen-
ting the nozzle exit plane is printed out for completenesa. The total of
all the vlewfacturs for a node should equal one. The percent error Is Fn

indication of the accuracy of the calculation. The temperatures and
visible prnJeeted areas are printed fer each aspect angle specified in
the input. In addition to the total hot paits emtssionfo, a breakdown of
thC cmissions by node is printed for each aspect angle and wavelength bani.

This is provided by giving

(a) the direc:t emissions from each node that are visible to the
observer



$ CYCLE.
' =2 008,T~1'7-1- 8 A [jh' " I

PAMifr14 *7,TAMB-5I9,Vl9'u0,XM.I,

ALT-O, F A14=. CI k& LND=99S
P1 RIP TES5F PROBLI'[M ~5
HOT PI'?fMTS tPPRLSS ION IT,

$ INPUF
IASP-0, 30,
!4ANf;L=0,'JO000,

'SENG INE E-NG INE
IIb-2UU8,1388,138t8,2008,2I08, T-2 )U8, I 311,2008,2008,2008,2 108,

X 1U0,30,50,70, xI =0 5() 0,
YwiU2.,20, 13.05,14.6,. Y;=20,23.i, 14.6,
XGG,0 Xc~=0,30,t)0,1U,
Y(,uIOto$ YC~l0A0,'20,0,

$ENGINE 8,~~b1I021S $NIN

XI-0.30,50,70, rwu2 008, 13 8,12 owl , 2008, 1 ')0 2 108,

XC=0, 10, I,0iC

$ENGINE XC=-O,30,bO,70,
1bN-2O08, I388,.1100,1 I00,2I08, Y(,= 1O, 10,,2)0, 0,
FbMS-.05,.65,.65,.65,I, $
X lu0,30,1>0,7u, $ENGINE
YI=2U,2U,I3.05,I4.6, -I fr2UO8,' IOO200U,2OOw8. 110O,2 28,
XC-O, 10, IM=*.',
YCAIU,0s XI=0,ýJ0,/0'
$ENGINE YI=2U,23.8,14.6,

TW-20Oi,138l3,1I00),.l 100, 2108 t XC-0,30,"O,70,
kMS'w.65,.65,.95,.95,1, YC-10,10,20,U,
XI-0,S0,50.70, $
YI-2U,2U,13.05,,I4.6. $ENGINE
XC-o,io, Th1-2ooa,.I1Io,2008,2ooS, I 100,2 Ion,
YC-I0,0$ EM(Sm.65,.95,.6L,..65,.9'),l,

XI -0,50,10.
Y1-20,23.8,14.6,
XC-0,30,50,7tJ,
YC= 10, 10,20,0,
$

Figure 7. L1t IrV of Tnput Card.- for rc:;t Problemni
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(b) the reflected emissions from each node that are visible
(c) tile total visible emissions from each node and
(d) tile cumulative emissions which Is the emiss ions initiated from

the node and reaching the observer etthe.r directly or via
reflections off other nodes is also given for each node.

1Fhe cumulative emissions will be reduced directly with tile coollnP' of
the given node. The reflections will be reduced by Increasing the emis-
sivity of the node although the direct emissions will be simultaneously
increased.

Consider, for example, the output for case I reproduced in Tabl.e 2
for an aspect angle of 0' and wavelength band 1.8-2.7. Although nodo 1
is not visible (area = 0) the emissions from node I escaping to the obers-

ver is 289 watts/steradian. If this were the only emission to be con-
sidtered, one might reduce the tempera ture of the mide I or Increase the
emissivity of' tile node 4 to eliminate the source of emissions.

4. Discussion of Results: A summary of the emislsioms for the various
configura tions Is present.rd in ITablI_ 5, page 21.

Th, detailer. outtput from Configurat ion A--I which correspolnds to the
base case Is somewhat higher at tail--on (0* aspect) than tile PCIR pre-
dictions because the hotter Lurbi.ne is directly visibLe and this Ls not
usually the case. At 3 0 ' aspect tile nozzle flaps hitvy, already been cooled
to 1388aR so tile emissions are less than those obtained from the PCIR num-
bers. Each change In configuration A reduced tile emissions but the results
were still to(, high.

Configuration B is especially effective at tail-on because the turbine
and hot surfaces are complete.,ly hidden fr(in view by the colder plug
surface. Reflections keep the 300 airpect from being reduced quite as
effectively, but there i.s a definite improvement.

Configuration B-2 is se, lecttod I()rt more det'ailled evaluation.

2/



TEST I'ROH LM 6 - ýpvct .ra ýIjn ioatur- s and L~o kori

objctle od erminlte 1hi, spectrail plutme s lgniiture , the etffect of

pu1meý ;It tenoa1.t 101 Mn tHI ho0t liaLs elni~ss ions anid to reasvsen lockon range.

. 11Rit-n Disc us.- ion : A specif ic engine 'ont igirat Ian has breen selec-

Led. It is now worthwhi it to e'XamineU it if] sonC detaill and estimate the

reQ[I rICed vol nerabI i itvy1 li oonk lg at the I ockon ranges and compnrring these

w ith the nl t Ia unsuppressud con Figura t on resuIlts. Sinoce our f inal model

Is only hot parts supprc:. ed, aspect angles of 0', 30' and 60' o ly will hu

eva 1 on ed. Ratnges ot 'K anid -50K shoul Id advql ýtatlIy b racketI tihe Iocknii

range for this case.

2. I~ut nstuctins: (For card listing sve Figure 8)

d . iXecuto r saime ;is p roblemso 2 th r-,ogir l

speclify LI) 2I fine-s Of title
(2) aspect aingi es (ASP) ( uILgrecs)

(3.) ranges (ft)
T[I]TA and ASHI not applhE :ir

$CYCLE
'15-2008,T17= I38d ,ABS534. 6, PRl='-6, (32
PAMb-14. ( T AMB-519, V1 9-0, XM~l
p8-¶58. 52 ,
ALT=O, FAR=.0.1Od O, ENLD-99$

P~~P ikmh5TE- PROBLEM6

5 INUT LPLCTWAL SIGNATURE AND LUCKLIN

ASP4J,30,60.
IRAN(ThO1 000, 50000,
S PLC=I , NLJC K=2,
NEE=J $
$ENGI NI
I-W=2O08, I 0O,2008,2008, 1100,2 I108,
I[MS=5*.65,!,
X 1=0,50,70.

- I YI-20,23.d,14.6,

XC-Q, 20 , 0, IC ,

YCin 10 , 10, 20, 0,

i'l 1oru 1. isti lof c Input Gards Ior Ptprohblem 6



C. Mit-sle Description

NLOCK = 2 to specify lockon calculatio s

SPEC - 2. to print spectral plume emissions

d. Hrt Parts Suupression

Select engine conf i,,iraticn B-2 from previous case.

3. Description of Output (App.endlx A-Vt):

Pa___I - A table defining the atmospheric conditions through whicn the

plume and atmosphere is attenuated has been added to the output. Otherwise

it is identical to previous cases.

P , 3 - Irradiance and plumc/atmosphere transmissivlty is output as

a function of wavelength. Note the "blue spike" CO 2 peak of 9.9676 watts/

ster/micron at. 4.8p and the water vapor band from 2.08-2 4pm and the CO 2

band from 4.19-4.37ji'm.

4. Discuss, 4 Results: A comparison of the lockon ranges for the

unsuppressed engine configurations is given in Table 7. The lockon

envelopes have beer; reduced Lo less thanI ½ the former range in most cases.

Nevertheless the attempt at invulnerahil.ty has nrohnhlv boen successful.

The minimum lckon range is about L mile and ;-he maximum is 10 miles. To

accurately assess the missile capability, an analysis needs to make a

much more elaborate study Including the kinematic boundaries and tracking

rates of the missile.

Table 7: Comparison of Lockon Ranges for Suppressed and Unsuppressedl

Conf ijir at ions
Fest Problem 2 Test Problem 6

Unsupp ressed Supp essed
Mio•s i e Numbers 1i2 2

Aspect kngbe

0 9 0 0.5 llb.2 8.2 39.5

/I '' ;4

60 86.9 9.5 34.6
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The design engineer will normally have no use for the radiation
spectral distributions. However, if they are desired they can be obtained.

The spectral distributions of plu-iv- emissions printed for 600 at the
two ranges has been plotted in Figure 9 These results are not untypical
of plume emissions. 'he CO 2 (3.9-4.8ini) emissions are completely absor-
bed in the band center leaviLig emissions .n the wings only. The 4.18pm
wing is commonly referred to as the blue spike and the 4.4-4.8pm wing, as

the red spike. C02 emissions are normally much higher than water vapor
emissions because of absorption in the atmosphere. The area between the
solid line and the dashed line represents the amount of absorption between
5K and 50K feet.
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Ti'EiT PROBLEM / - Missile Specifitations with Airframe Emissions

Objecttive. To determinc the lockon range ot an instaIi ed engine tor
advanced missile threats.

1. rn!_3 t Dis cus son: Ats plume/exlhaus system signatures are more and
more suppressed, the airframe itself or heated surface on the airframe may

become a significant contributor to the IR, especially at nose-on aspects.
For this problhi, a surface has been heated to 1900"R and Is observable at
all aspect angles. The specific areas to he ettered are 450, 300, and 210
at angles of 0, 30 and 170° respectively.

A specific missile of the future will probably not have as broad a

wavelength band as those built ito PI'REP. A specifLc missile might be
sensitive to radiation, from the blue spike (4.17-4.251Lm) or th, red spike
(4.4-4.6pm) in order Lo achieve a higher target to background - ontrast.
These advanced missiles will have a much smaller noise equivwllnt input and
1-e able to discriminate and lockoni at a lower S/N ratio.

2. Inpu .nLstructiuns (For card input see figure 10)

a. Executor Input
Same z. " Test 1'iublew II

"". I,. Geae ral Inlput

Sam, as T('dt Problem 11 for 0. 30 sind I'10" only -it 0. 5K and
50K feet

N. MiKs i leiller!t_.n

S p e c ti y A M I . A MF -ti-h w av e le n g th a s;; ;N . gi N v , N i, .1 - 1
Lharattertatlcs of the two new missiles as t leeri Ielow.

Missile Number (1) (2)

Wavelength 4.6 to 4.25tim 4. 4-4 . Oim

Find Intensity 1.0 1.0

,gnal-to--Noise
Ratio .1 .7

NEI (watts/in
2 ) .4 x 10- 1 0  .4 x 10-10

----------------------



$CYCLE

15-2008 ,T7- 138$, A8;534. 6, P8=56. 82 ,
SPAMBI14.7,TAMB3519,V19-0,XMUJ,
P8-56.82,
ALT=O,FAI=. OI 08,END,99$

PIREP TEST PRObLEM 7
S ,PECTRAL SIGNATURE AND SPECIFIC MISSILES

1 INPUT
ASPSO,30, 170,
RANGE-0, 5000,50000,
NLOCK-2,SNs.7,.7,
bSNS=I,I,NEIs4.E-I I,4.E-I I,
AM 114.17,4.4; AtE=4.25,4.6,
liE- I $

$ENGINE TM=IQOO,AR=750,500,350,EM=.6$

Figure 10: Listing of input Cards for Test Problem 7.

d. Hot Parts Suppression-: For this case, consider t] e original
unsuppressed emissions In Case II for the Internal system but add the
hot surface temperature, TM, emissivity, EM, and missile areas, AR,
for each of the angles specified on page I of the input.

3. Description of Outppt: The output format is the same as for Test
Problem II except that there are 4 missiles. The missile numbers assigned
on page I are those referred to fn the last page with the lockon ranges
even though the Intermediate JR results are in a different sequence.

4. Discuss Ion of Resul ts: The particular adv. nced missiles deflned
in this problem are act uaiy less of a threat than the basic missiles
already considered. in actual practice, it Is unlikely that one would he
so lucky.

The i-ddition of hot emisslons in the nose-on aspect has dramtlcally

increased the vulnerability to the threat from that direction. The tem-
perature selected In miuttc hotter titan a normal alrfrane surface. In this
case it r,.nesents a fl.,age or exteasion of the exhaust system itsif that
operated a8 a plume shield from above but as an emitter from below and to
the side.

It would he of fe' lye as a pllrme shield if the spec fir threat were
,I ly I uLl, tihc tjip> .JiCauibphli c buL,u , dcuu.Laatcd inLcj, ai oa- Li

craft can be appio.iched trom below.
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VIII. SUMMARY

Little knowledge ir IR/countermeasures technology is nec--sssry to
use PIREP for comparing one enigine/cycle against ainother for preliminary
suppression evaluations. As a design engineer becomes more conversant
with the problem involved, It is expected he will use more and more options
available in the PIREP program and his knowledge and judgment will further
increase.

Preliminary studies and evaluations will be made without reference

to the IR expert. In this regard it is important to understand that PIREP
provides preliminary estimates only. Before any final decision or commit-
ment on achievable IR levels is made, a detailed study of the IR problem
should be performed by more sophisticated techniques and more knowledge-
able personnel. These studies, however, fall into the final selection
phases and in no way diminish the importance of the preliminary evaluations.
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PROGRAM DESCRIPTION

An overall flow chart depicting the subroutines used in PIREP is
presented in Figurell following the general outline previously presented
in Figure 1. Each ot these subroutines and their function or purpose is
listed in Table 8. A flow chart listing of each subroutine is presented
in Appendix B.

The analysis of the various subroutines is preseni.ed either in the
final report for this contract, Refere-ce 2, or is available in Reference
2, which is the analysis volume of the SCORPIO IIIA computer program from
which a number of these routines were extracted.

The parameters used in the subroutines newly developed for PIREP are
defined in Table 9.
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TABLE 10: PROGRAM PARAMETER DEFINITIONS

SYMBOL DEFINITION UNITS

A Coefficient In equntion for lockon Interpolation

Al Coefficient for CO2 Line parameter strength

Al, A2 Ray spectral correction factors adjusting to PCIR
totals for each aspect angle

A& Throat Area In 2

A9 Exit Area in 2

A9Q8 A9/AS

AA(lO) Dummy storage location

AE(23) Wavelength intervals corresponding to the value of
AI(20) wavelength just beyond the band limit for the end and M1,'rona

the beginning respectively of each band.

Al Ray Emissions watts/Oter/ster.

AL(9) integrated absorption coefficients for 1120

AL Altitudes in thousands of feet at which atmosphere
changes characteristics. Defines altitude intervals

AL Wavelength Int rpolation factor for transmissivity

AL1,AL2 Ray spectral correction factors adjusLed to PCIR
totals

ALT,ALT1 Altitude K Feet

AM Wavelength Microns

AME Final Wavelength for each band interval Microns

AMF Final Wavelength Microns

AMI Initial wavelength of each band interval Microns

AWO First wavelength to be computed Microns
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TABLE 10 (CONT'D)

SYM.BOL DEF IN IT ION UNITS

AMR Visible distance Feet

AMX Final wavelength Microns

AMX Just less than final wavelength Microns

AN, ANI Wave number cm- 1

AN Wave number cm-'

ANC Fundamental vibrations for C02 cm

ANC Number of increments for which atmospheric values
are to be tabulated

ANEI Noise equivaLent for refereuce missiles cm2

ANG Current aspect angle Degrees

A1O Band ('enters for CO2  cm-[

ANU Fundamental vibrations for H2 0 cm-I

AP Integrated absorption coefficients for C02

AP Projected areas in2

AR Projected area of hot parts internal to exhaust
system for each aspect angle in2

AREA Area of exhaust system node surfaces tn 2

AQ Determlaes whether wave number Is above or below
band center

AQ Sigi of altitude differences

ASI' Aspect angle trom exhaust system centerline Degrees

ASPI Aspect ratios for rectangular exhaust shapes

Al Temperature differenc3 for given altitude intervai R

ATHS Number of atmosphere segments in ray table
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TABLE 10 (CONT'D)

SYMBOL DEFINITION UNITS

ATOT Tota] attenuated IR emissions for specified range Wattt4Sr.

ATST Angle of diagonal for rectangular shaped exhau,3t Degrees

AXAXI Current aspect ratio for rectangular exhahst shape

B Fundamental temperature - vibration factor

B Coefficient in equation for lockon calculation

BB Dummy storage

BBEP Black body emissive power W/Sr.

BE Molecular function for CO 2

BI Blackbody emissive power Watt.m/Sr.

DL Temperature factor for determining saturation
concentration

BL Integrated absorption coefficients for CO, N2 0,
and N2

BNIJ Band centers for CO, N20 and N2  cm-1

BSNS Missile band sensitivity

BTS - 999. indicates no data has been supplied

BUF4 Location ol radlances to be Integrated over

wavelength bands

BUF1 Uist,'.f wavelengthi3 for which correlations were
made Microns

BX,BZ Molecular functions for CO, N20, and N2

C Coet icient In equation for lockon calculation

Cl,C2 ConRtants in Planck's blackbody equation

CA,CB Temporary storage during graybody totalling
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TABLE 10 (CUNT'D)

CASE Number ars.igned internally to ,ch differenL
calculation set

COR Conversioi factor from radians to degrees

CE(20), Wavelength intervals corresponding to the value of
CI(20) wavelength just inside the band limit for the end and

beginning respectively of each nand

CIRI,CIR2 Hot patts cycle IR numbers Watts/Sr.

CS Cosine of aspect angle

CX Temporary storage location

D Log of (range + 250 feet)

DA Distance or range -nitres in atmospheric table Feet

DAN Wavenumber difference cm-I

DDM Wavel -ngth difference Microns

DEL (2) Wavelength increment used in graybody emission Microns
totalling

DH Increment in altitude K feet

DH Location of CO2 band head from band center ,M-1

DL Correction factor for CO 2 degeneracy

DLL Wavelength 1increment Microns

DM Wavelength interval associated with the given Microns

wavelength

DMN Lockon range for each missile and aspect angle Feet

DNX,DN-" Distance fr and center for equivalent
symmetric moa&t i "m'

DNU Distance from band center cmnf

DST Range + 250 feet Feet
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TABLE 10 (CONT'D)

DXX Plume core segment of ray Feet

DZI Saved value of DNU cm-I

E Emissiviry

EM External Surface emissivity

EMS Exhaust Surface emissivity

END,ENDA Parameter to signal eud or continuation of calculation

EPS A small quantity (0.00001)

EXF External flow plume suppression factor

F Proportion of initial altitude interval to be

calculated

F View factors between exhaust system node surfaces

F Plume suppression factors:

F(l) Broad/Round 1.8-2.7
F(2) Broad/Round 3.9-4.8

F(3) Narrow/Broad 1.8-2.7
F(4) Narrow/Broad 3.9-4.8

FI,F2 Plume suppression factors

F9 Ratio of A9/A8

FAR,FAR8 Fuel-to-air ratio

FE Projected area tn2

FIAST Indicates initial calculatlou kor specific engine
configuration

FS,FX Temperature dependent effects for partially over-
lapped ILnes

FX Angle pattern factor for hot parts

FXF External flow plume suppresalon factor
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TABLE 10 (CONT'ID)

G Planck's spectral blackbody function

GD,GDD Natural p • collision halfwidth functions

GNU H2) Band centers cm-

GX Constant TT/i0

H Current altitude for table K feet

HC2,HDH, Empirical functions for H20
HRA, HRX

HSG,HSX 1120 integrated line p.-rameters

RPTOT Hot parts source emissioas Watts/Str

HTOT Hot parts attenuated emissions Watts/Str.

IA, IAA Counts current aspect angle

IE Counts current exhaust configuration

IR Counts the number of range being calculated

ISURF Surface number

IT Counts elevation angle bc-_ng calculated

IX Counts aspect ratio being calculated

K Locates totals .in BIJFFER4

K Lucates Interv.ml in XS4T tqhl.,

LA Order of missile charz -teristics related to
wavelength bands after sequencing

IK Determines whether a new 9tep size interval is
being encountered

M Locates initial band wavelength ini AMI table band

M Locates storage fui tutala

.4 5
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I-BLE 10 (CONT' 1)

MCi,MC2 Limits for CO 2 calculation loop

MDI Determines whether step sizes are to be larger or
smaller than suggested values

MHl,I.•2 Limits for H20 calculation loop

MO Locates end of original buffer storage

MX Signals whether refcrence missile charncteristics
are to be used

N Number of exhaust surfaces

N Locates terminal band wavel ngth in AME table

N Locates radiation per micron in buffer for each

wavelength

NN2 Denotes whether PIREP wavelength bands are reentered
with input bands

MAI Number of wavelengths to be computed

HAS Number of aspect angles to be calculated Wor hut

parts

NB Number of altitude intervals to be computed

NCI,NC2, H2 0 vibration quantum numbers
NC3

NL Counter in PL array

NLOCK Signals whether locon calkulations are to be made

NNN Number of inlet + exit nodes

NNNN Signals centerline node

_OE Nndk number

NPG Case number being calculated

NPRrNT Signal for atmospheric or plume spectral computation
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TABLE 10 (CONT'D)

UNITS
NSPEC Number of wavelength intervals

NSS Number of missiles to be evaluated

NTOTl Total number of nodal surfaces in exhaust system

NTR Signals whether aspect ratio calculations are to
be nade

NTT Printout counter for spectral emissions

NX Number of wavelengths to be calculated spectrally

NXI Counters to properly
NX2 printout spectral results

NXY Location of spectral emission in AA array

NXX Location of band totals in AA array

P,PX,?SAV Pressure Atmos.

PB Integr •ted pressure-path length Atmos/Ft

PI,PIID Halfwidth functions

PS,PX Temperature dependent function for calculation of
partially overlapping line effects

P8 Exhaust gas total pressure psia

PA Pressure entries in atmospheric table atms.

P8QAMB Exhaust gas total to ambient pressure ratio

PA Pressure entries in atmospheric table atms

PAMB Atmospheric pressure p ia

PG ~~Storage for adjusted ?PCIM, CI '-TWeaDt

PCl,PC2 Storage for reference plume emissions after
adjustment for attenuation factors Watts/Sir.

PCIRI,PCIR2 Plume IR numbers Watts/Str.
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TABLE 10 (CONT 1D)

PL Saturation concentration as a function of ground
level temperature from 443"R by increments of 10*R

PR (P8/PA) 0 .25

PTOT Plume IR emissions for each wavelength band Watts/Ster.

PV Partial pressure for current input

PX Atmospheric transmissivity factor pressure
entries in ray table Atmos.

QS Scattering function

RANGE Range to observer Feet

RF Radial coordinates of exhaust surface in.

RG (range + 250)/1000

RHl Reflection coefficients

RXl Plume through atmosphere

R12 Transmission factors for reference wavelength bands

Sl CO2 optical depth

SI-S7 Logarithms of PCIR variables

SA Aspect angle pattern factor

SCS Siual fur cokautipii wavelength dependent value of
scattering

SDSG,3K, Molecular !unctions for H2 0 loc'l line parameters
SDX, SXQ

SGH.SXH ('32 integtrated line parameters

SKIP Tnltializatlon itk,'cator for emissivity calculations

SN Missile signal-tC-noise ratio for lockon

SNR Signal to noise ratio for reference missiles
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TABLE 10 (CONT'D)

SPEE Signals whether spectral calculations are to be made

SS Sine of aspect angle

SW Storage location for current wavelength during
graybody totalling

T Temperature entries in ray table OR

T5 Turbine discharge temperature OR

T7 Exhaust gas exit temperature OR

TA Temperature entries in atmospheric tables 'R

TAK Transmisgivity

TAM13 AmbienL temperature OR

TB Hot parts source tempe ature effect in H20 band
transmissivity test

IdEBX TewpftLtuitL jaiiu iutctLivus

TEST Calculation limit for each band cm- 1

TA. Aspect Angles Degrees

THTA Elevation angles to be calculated Degrees

THT Current elevation angle Degrees

FM Temperature of htut parts external to exhaust system 'i

TR Averiged tranmisasivity of hot parts through
:irmnophertif or pl 'me/nlm5ApherPý

TS Static temperature OR

TSCJTSK Sratterina factors

TW Exhaust system surface temperatures OR

1U Export, Inat fundamental vibration factor

V19 Secondary flow velo-ity ft./sec.
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TABLE 10 (CONT'D)

VE External flow velocity ft/sec

VECT Normal vector for exhaust system surfaces (+ is inward)

VR Visible range (K,km)

W Initial wavelengths of specified Microns

WRA Cumulative emissions for each node surf• ce W/S

WV Specific wavelengths for spectral calculation Microns

XLX2 Axial coordinates of exhaust surface It,-

Xl Optical depth, :2!0 Feet

XC Axial coordinates defloing exhaust system centerbody in.

XC C02 concentration entries In ray table

XMl Water vapor concent'stion entries I.r rny table

XHA Water vapor concentration entries in atmospheric
tab le

XtI Flight Mach number

XXU,XRH C02, H2 0 concietration 4n core stream

XS Segment length t•tries in ray table

XST Wavelength demarkat in for changes in -tap size Microns

XX Storage area for suppression factors (F(1)-F(/4)

YI,Y2 RKdiai coordinatLs ul exhauat surface Ilk.

Y1 Portion of :,it area as'.)ctited with TW(i)

YC Radia.l coordinates defining exhaust aystem centerbody I.I..

YF Axial coordinates of exhauat system in.

Z Transmissivity

ZT Temperature fictor

50
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APPENDIX A

OUTPUT FOR TEST PROBLEMS

A-1 Test Pro')lem 1 A2

A-i1 Test Problem 2 A5

A-IlI Test Problem 3 A19

A-IV Test Problem 4 A29

A-V Test Problem 5 A39

A-VI rest Problem 6 A71

A-VII Test Problem 7 A86

BFST AVAILAWLE COPY

A-1



CASF NO. 1.0

T T7 11115.•01 T5 1992.0))
P8 147.53 A6 11.30
PAMR ls.70 XM 0.
VCL9 0.

CR INDMCES

S"o-•_.T :9-4:8

PLUMF 0 2(;g.
HOT PTS 1211:

CASE NO. 2.0

.TZ .. . .. 13803 .1 ..0 . T- 5 - - 2 05.00• -
P8 56.8a Ag 534.60
PAMM 14.73 X'4 1.00
VCI_9 O.

IR INDICES

PLIJMF 17. 3119.
HOT PTS )?010. 1298.
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CASF NO, 3.0

-- -- T-L - I,12a0 ! . ..... 3- 1,J5
P8 20,6'4 A8 529ý80
PAMH 1.6V8 2,00

IR INDICES

1:.8-2.7 3.9-14:1

PL(JMF t. 107.
Hot PTS 2127. 131L4.

CA1E NO. 4.0

T .-------- 1992.091-. - .T9 2•Q0.
P8 42,7o AB 320,70
VAMR I4.70 0,
.....VC 9 .154o.'7O

IR INDICES

"PLUME to5. 6 .
Hinr PTS
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CASF NO. 5.0

-7 PO05.,0 __1- . .- 0QO LQ_9_____

P8 55.30 A8 311.90
PAMB 111.70 XM tgCO
VC19 1805.70

.. i_ INQICES

PLuMF 241. 14I0.
HOT PTS 1173. 7c7.

CASF NfO. 6.0

-. 7o3l.. o T'j lo3 o .....
P8 IQ,77 AR

PAMP, .68 XM ?,00

v. 9 . 35 3, t0

-S.9-4.3

HOT PTS 1197,

A-4
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PIRFP TEST PWIfMLF4 2
SIGNATIJNL AND LfICKON

CASEF

- - **PTREP 'JUTPUJT '

T7 1;~88.00O TS 200m.AD

PAMF3 14.70 xm 1.00
VCI9 0. A LT 0.

_FAR 0- (1.-..

-- - IR INDICES

1.e-?.7 3.9-a4 .F

PLUMF 17. .9
HOT PTS 0 t1) 1.1

K MISSILE PAHAHIFTFRS

______NWAVELENGTH BAND SENSITIVITY NEI S/N

h -7O1.0 0.20OFE09 3"
3.90o -.800 1.0 0.'4OO0E-10 0.7

PTRFP TEsT PPDBIAH 2
SI6NATQPý. AND LI)CKON

CASE

- PIRL.P EXTENSifnm STUDY

ELEVATfON ANGLFz 0. DE GpI F3
ASPECT P~ATIO = 1.uO
ASPECT ANGLE = 0. nFpFEs
RANGF 0. FEE T
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- - ASP - Q. PtG(,[tE5, ALaGIi At,r 1,0Q - 7.T Lf",7.
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ASP t 3o.o0ntG'*rT, -AnILENGIM eAkn 3.9 - 4.~A ~ 70AL I -11SIuiuS -* ll

-~ ASP . so, 013DECRFFS. WAVtEu 1GTil kPAitf I)I - 2,,7 IGTA, CM;S.¶!flh .

ASP - 6AC0P01GRFS, *ANtLING7P4 hA~n 1,9 &..AN 1071fi Irt13S10NS . &glatIa

FPjg) Ip 1i1 1.70 I-TrP''5 I ,U'Q i? t;

IFl 3o 5.90 
T

u) 4,00 miroj's * 30.1,,I AT,,OT

ATTVNUAII5r HOT1 PARIS UIDi 77*1

S5.qc 3 if) Ii.&A Pi If IA?$P rl',T



PTRfP TEST PROIAhtl P
SIGNATURE AND Lf ONCKSE CASE ~

PIREP EXTENSION STUDY

ELEVATION ANGLE: 0. DEGRFES
- ASPECT RATI--z 1.vo
ASPECT AN6LE 0. DEGE,_ES
RANGE oo00.00 FEET

PLUME IR TOTALS

FROM 1680 TO 2.70 MICPONS =- 0,0237-WTST
FRnM 1.90 TO 4.80 MICRnNS = .,2522 WT/ST

ATTENUATED HnT PARTS IR TnTALS

FROM t•-O TO 2,70 MICRONS z 827.b79- WT/ST
FRnM 3.90 Tn 4.80 MIrRONS = 6b3.7175 wT/ST

PTRFP TFST PROBLEM 2

- -SIGNATIIPE AND LC<CKnN

CASE 3

PIREP EXTENILu'N $TUDY

"ELEVATION ANGLE= , DE. GREES
ASPECT PATIO h ,gof
ASPECT ANGLE 0. nEGRFES
PANGE = 0oooo.00 FEEl

PLUME IR TOTALS

FROM t.,O TO 2.70 MICRONS = 0.0031 WT/ST
FR(IM 3:90 TO 4,'80 MICPRNS = Oe|129 WT/ST

ATTFNUATED HOT PARTS IR TFTALS

FROM 1,80 TO 2.70 MICRONS z i414.2439 wrT/ST

FROM 3.90 To /1,80 MICPrONS = 42',5790 OT/ST

A-7
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PIRFP TEST PPOBLEM a
SIGNATURE AND LOCKON

CASE 4

PIREP EXTENSTON STUDY

ELEVATION ANGLE= 0. DEGREES
ASPECT RATIO -• 0 .O

ASPECT ANGLE = 0. DEGREES
RANGE 1= 0000.00 FEET

PLUME IR TOTALS

FROM 1%80To270MCOS= 00b /T
FROM 3.90 To 4.80 MICRONS Z 0,0741 WT#ST

ATTENUATED HoT PARTS JR TOTALS

FRnM 1.30 TO 2,70 MICRONS = 32,7981 viT/ST

FROM 3.90 TO ,.80 MICRONS a 352.5859 WT/ST

PIRFP TEST PRnoi-EM 2
_ ...... ..... SIGNATURE AND LnCxON

CASE 5

.. .LP ETEN-SION STUDY

ELEVA'ION ANGLE= 0; DEGREES
------ ASPECT RATIO = -. PQ

ASPECT AN6LE = 30.00 DEGREES
RANGE 0, FEET

PLUME IR TOTALS

FROM 1,80 YO 2.70 MICRONS = 8,3138 WT/ST
FROM 3.*Q Ti1 4*,40 MICRONS z 174,650b, MT/ST

ATTENUATED HOT PARTS TR TOTALS

FRO1M 1l60 TU 1.70) MICRONS 1-740,829k WT/ST
FRrM 3.qo TO 4.80 -4ITC;frNS = 1124,3000 WT/ST

A-8



PIRFP Tf.;T PpnI.ELN ?
5IGNATIJPE ANfl LOCKfIN

PIREP EXTENSION STUDY

ELEVATION ANGLE= 0. DEGREES
ASPECT RATIO 1 j.00
ASPECT AN'_LE , 30.'00 DEGREES
RANGE z SO00.00 FEET

PLUME IR TOTALS

FROM (.80 TO 2.70 MICRONS = O,t3b1 WT/ST

FROM 3.90 TO 4.80 MICRONS = 7,1839 WT/ST

ATTENUATED HOT PARTS IR TOTALS

FROM 1,80 TO 2,70 MICRONS = 7169799 -WT/ST
FROM 3.qO rO 4.80 MICRONS Z 574,7969 WT/ST

PTRFP TEST PROBLEM 2
___SIGNA) JRP• AND _LOCtjCN

CASE 7

P IREP...EX TENSION STUDY..

ELEVATION ANGLF 0. 0 FErGRFFS
ASPFC' RATIJ = 1.00

ASPECT ANtLE = 30.00 DEGRFES

RANGE 50000.00 FEET

PLUME IR TO'TALS

FRnM 1 80 TO 2.70 MICRONS = 0,0176 WT-3T
FRnM 3.90 TO 4.8a MICRONS = 0.6479 WTIST

ATTENIUATEDJ ;OT PARTS IR TOTALS

F'Prm 1. 80 Ti] 2.70 MIt R ]N•67 9t,7,4u64 WT/r!T
FROlH 1.Q0 Tn 4.8f)3i MICRONS 367,6932 WT/ST

I



PIREP TEST PprPLEM 2
SIGNATURL AND LnCKON

CASE 9

PIREP EXTENSIONSTIJDY

ELEVATION ANGLE= 0. DEGREES
ASLECT RATIO = __1.0
ASPECT ANGLE a 6O.O0 DEGREES
RANGE 0. FEET

PLUME IR TOTALS

FROM 1,80 TO 2,70 MICRONS-= 14,39q9 WT/ST

FROM 3.qO TO 4,50 MICRONS = 302,504t WT/ST

ATTENUATED HOT PARTS IR TnTALS

- FRflM 1,80 TO 2.70 MICRONS a 100S,0741 WT/ST
FROM 3.90 TO '.80 MICRONS = 649,1187 WT/ST

PIRFP TEST PRnOIEM 2

CASE 8

-- PI REPAJX TENSIQ N.. STUDY ________

E EVATION ANGLE= 0* DEGREE3
.APECT RATIO = -- -1-o
ASPECT ANGLE = 0.0O0 DEGREES
RANGE 100000.00 FEET

PLUME IR TOTALS

FROM 1480 To 2.70 MICRONS 0 O,0191 WT/ST
FPOM 3.qo TO 4.80 MICRONS 0.u251 WT/ST

ATTENUATED NOT PARTS IR TOTALS

FRoM 1080 TO 2.7G MICRONS = 262,2312 WT/ST
FRo)M 3.90 TO 4.80 MICRONS z 305,3487 WT/ST

A-10
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PIREP TEST PRnHLEM ?
SIGNATURE AND LOCKONS

CASE 10

PIREP.EXTENSION STUDY _

ELEVATION ANGLE= 0. DEGREES
-- ASPECT- RATt ;: -_ 1.0 a .

ASPECT ANGLE a 60.00 DEGREES
RANGE 5000.00 FEET

PLUME IR TOTALS

FROM t.:80TO 2.70 MICRONS = 0 WTST
FROIM 3.90 TO 4'.80 MICRONS = 12,4428 WT/ST

ATTENUATED HOT PARTS IR TOTALS

FROM LIaO TO 2.70 MICRONS = aI,1t8419 WT/ST
FROM 3.qo TO 4.80 MICPONS = 331,86t1 WT/ST

PIRFP TEST PROBLEM 2
SIGNATIIUEAND LOCKEIN

CASE 11

-.... PIREP EXTENSION-STUDY

ELEVATION ANGLF= 0. DE(PFES
_ASPECT RATIO = 1.00
ASPECT ANGLE = b0.)0 OEGPFES
RANGF =0000.00 FEET

PLUME IR TOTALS

FROM 1 80 TO 2.70 MICRONS = 0,0305 WT/ST
FROM 3.90 TO 4.80 t"JCRONF = I=,222 WT/ST

ATTENUATED HOT PARTS IR TOTALS

EPnM 1,80 TO 27 M•CRONS = 212,t234 WT/ST
FROM i.90 TO 4.80 MICRONS = 212,2890 WT/ST

A-il
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PIREP TrST PR8I3LEM 2
SIGNATUPE AND LOICKON

CASE l4ý

.P.I REP- EX.TENS.ICl...3 TUD.Y . .. .

ELEVATION ANGLE= 0, DEGREES
__•ASPECT_ RATIO ; UoO_ _

ASPEcT ANGLE * 60.00 DIEGRFES
RANGFE= 100000.00 FEET

PLUME IR TOTALS

FROM t180 TO 2.70 MICRONS z 0.0262 WT/ST
FRO,.M 3.90 1O 4.80 MICRONS = 0,7363 WT/ST

ATTENUATED HOT PARTS IR TnTALS

FRrP4 1.80 Tn 2,7f MICRO~NS = 151 ,Q001 WI/ST"FROM 3.qo TO 4,80 MICRONS = 17b,2942 WT/ST

PIREP TEST PRnBLEM 2S... ....... . SIu GNA TUR_• _I__L.U :KO N ..... .......

CASE 13

_-- PIEPEFFXTVENLUNS_3 TUDY -

ELEVATION ANGLE= o, nEGREES
ASP-CCT RATIO = 1.09
ASPECT ANGLE = 90.00 DEGPRES
RANGE 3 0. FEET

PLUME IR TOTALS

FrFm 1 .80 TO 2.70 MICRONS 16.6?7b WT/ST
f -ROM 3.9- TO 4.13O MICRON - 349,3025 WI/ST

A-aw"



PIRFP TFST PRnBLEM ?
SIGNATUPL ANO LnCKON

CASE 14

PIREP EX.TENSION STUDY

ELEVATION ANGLE: 0, DEGREES
.ASPEC-T.-RATIO __L.9. . ...
ASPECT ANLLE = 0.0O DEGREES
RANGE a 5000.00 FEET

PLUME IR TOTALS

FROM 1,80 TO- 2'70 MICRONS 7 0,2723 WT/ST

FROM 3.90 TO1 •.80 MICHONS = 14,3b78 WT/ST

PIREP TFST PRnBLEM 2
SIGNATURE ANDIOC•1N __ - -.. . . . . .

CASE 15

_.PIREP EXTEINSION STUDY

ELLVATION ANGLE= 0. DEGRFES
ASRECT RATIa _ -. 00
ASPErT ANLLE = 90.00 DEGRFES
RANGE 50000.00 FEET

PLUME IR TOTALS

FROM 1;80 TO 2"70 MICRnNS - 0,03, 2 wisT

FR(OM 3.90 TO 4.B0 MICRONS 1,2958 WT/ST

A- I'l



PTHFP TFST PR063LEM 2
-. - SIGNATURE- ANDA..CCKON CAE i

* PIREp EXTEINSION STUDY--..-.

ELEVATTON ANrLFZ 0. D~EGREES
OeECJ- RATIO :!z jo_
ASPECT ANGLE x 110.00 nEGREES . . . .. _

RANGE 00 EET

PLUME JR TOTALS

FRflM 1.80 To 2,,70 MICRONS = 12,7374 WT/Sr
FRnM 3.90 TO '4.80 MICRONS = 267,58605 WT/ST

PIREP TEST PROBLEM 2
____ 3.SLNATURE AND. LOCKON__

CASE lb

PIREP. EXTENSION STUDY

ELEVATION AN(,LF= o . nErPFES
-ASP!ECT RATIO = .J
ASPECT AN'4LE =90.00 nEGRFES
R~ANGE z 106OU0~.00 FEET

PLUME IR TOTALS

FROM i.st Tu 2,70 MYCRONS = 0,0303 WI/ST
FROM 3:90 To 4.80 MIC`RONS 0.8502 WT/ST

A-i14



PIREP TEST PpnF9LEII 2
SI.GNATUPE: AND LLICKON

S.. ... ..... ..... E REP EX TE NS I ON_..S T UD y

ELEVATION ANGLE= 0. DEGPEES. ..A5PEC _T i.. .. T ...ASPECT ANGLE z 130.00 DEGREEsRANGE . •5000..o0 FEET

PLUME IR TOTALS

FROM 1•80 TO 2.70 MICRrONS z- 0208-6 T/3TFROM 3:90 TO a.8O MICRONS z t1,O003 WT15T

PIRFP TEST PR{flH.EM 2
SIGNATURE. AND LOCKn-N

CASE 19
PIREP EXTENSION STUDY

ELEVATION ANLFZ 0. lLGRFE S
... SPECT RATIlO = 1.00ASPECT ANGLE = 130.OO DEnCFESRANGF 50000.O0 FEET

PtUMF IR 1i0TALS

FROM 1180 TO 2.'70 MICRONS 0.0Ž-0TFROM 3.9f TO .'#3( MICRONS 0.q9 2 6  WTISr

A-L5
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PIREP TFST PRDMLEM ?

_SGNATURE. AND LOCKON -" "CA SE 20

pIRE.P E.XTENSIOt STUDY ......

ELEVATION ANGLE 0.. DEGREES

___ ASPEr.T RATIO = --. 00 -.-

ASPECT ANGLE 2 130.00 DEGREES

RANGE 100000.00 FEET

PLUME IR TUTALS

FROM 1JS"3 Tn 2,70 MICRONS 0.0232 WT/ST

FROM 3.90 TO 4.80 MICRONS 9 0,bTl3 MT/ST

PIREP TEST PROBt.EM 2

5IiLGNAT(JRE AND -LOCKON CASE J1

PIREP EXTENSION STUDY

ELEVATION ANGLE= 0. DEGREES

ASPECT RATIO = 1.00

ASPECT ANYLE = 170.00 DEGREES

RANGE 0. FEtr

PLUME IR TOTALS

SFROM 1'60 TO 2,70 MTCRONS = 29B873 WT/ST

FROM 3.qO TO Q:80 MICRONS = bO,654S WT/ST

A-It)
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PIREP TEST PR(IBLEM 2
SLGNAT.URL.ANEI LULK' .ASE CASE 2i2

PIREP EXTENSION -STUDY --

ELEVATION ANGLE= 0, nCEGREES
. ASEECT RATIOQ _= ... l-- -....

ASPECT ANGLE x 170.00 DEGREES
RANGE 500O.On FEET

PLUME IR TOTAI-S

-FRIn4 1. 80 TO 2.70 MICRfONS 0,0473 HT/ST
FROM 3.qO TO 4.9O MICRONS 2.4949 WT/ST

PiREP TFST PRn4LEm 2
-...... IGNATURE AND Lr)CKON

CASE 21S

PIREP EXTENSION STUDY

ELFVATFION ANGLF- 0. 0EGRFS
AWPECT RATIO = ]luO
ASPECT AN'LE = 171.00 DEGREES
RANGE = 50000.00 FEFT

PLUME IR TOTAL S
nn T , -", - u.,.,,H-rn •' -=l nolf t wr/.T

FROM, i..o0 TO 4,80 M!rRONS = 0,2250 WT/ST

A-i:;



PrFP TE.ST PpnI8LEM ?.. .S IG NA TURE _.A N.D_. L L _.. . .

CASE 24
.-PE~(IR•-ERS I N STUDY

ELEVATION ANGLE= 0, DEGPFES
ASPF-C- PA TIO; S
ASPECT ANGLE 1 7 0.oo DEGPFrES
RANGE z 100000.00 FEET

PLUME IR TOTAL.S

F- n lprwI .o TO 2..70 MICRON5 0.O0'i3 WT/SrF~ROM 3.90 TO 4.80 MICRON,9 0 ,1~476 LT/ST

LOCON RANGE. FEET

A~PECT-_
ANGIE 

MISSILE NUMRER(0EG) I ;
-.-- 0.. 30508. IiM '(A,

30,00 2,9709.60.00 2272o. 8b837,

130.00 P21 11.II 78,
I70.10,

A-Iii
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PIRFP TEST Pfn3LEM 3
PLUME SUPPRESSION

CASE I

. * PI-REP OUTPUT-** -

Y7 1318.00 T5 2008.00
P8 56.2 A8 934,60.
PAMB 14.©70 xM 1,o0
VCI9 0. ALT 0,

FAR 0.01 ,

IR INDICES

PLUME 17. 349.
HOT PTS 21010. 1298.

MTSSILE PARAMETERS

NO. WAVELENGTH HJANr') SFNSITI ITY NLI S/N

(MI:RHINS,) (WAT TS/CM*,2)

¶ 1.60 -. 700 0.5 0.20OOE-,9 5.O
3:90 -. aOO o.7 0O;0 ooF-IO 0.,1

i-19



PTREP TFST PRnRLEM 3S..... .... L U0 E SUIPPRESSION .... 1

SCASE -

- PIREP E'XTENSIONSTUDY .

ELEVATION ANGLE= 0. DEGRFES
S... .ASPEC.T RATIO _ 1 .0 .

ASPECT ANGLE = 90.00 nEGREES
RANGE 0O. FEET

"PLUME IR TOTALS

"FROM 1:80 To 2.70 MICRONS Q 16,6276 WT/ST
FROM 3.90 TO 4.60 MICRONS = 349,3025 WT/ST

PTRFP TFST PRnBLEM 3
"PLUME..SUPPRESSION... . .. .

CASE 2

S... .. . PIREP _EY 4SION -STUJDY

ELEVATION A ( L.r= *. DEGREES
I .... _ASPýCT RATIO 1.00 _.

S4SPECT ANULL qo.Oo 0FGRFES
• 'ii''RANGE = 5000000 FEET

PLUME IR TOTALS

Fn•]M 3.qO TO 4.80 MICRONS = 1,29Sý, Wt/ST

LUCK()N RANGE, FEET

- -w ~ * *w w R

-ASPECT
ANGLt MISSTLE NIJMRER
(nFlrf) 1
9Q.00 1413.1

A--20
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PIRFP TEST PROBLEM 3
PLUME SUPPRES ION

CASE 3

PIREP EXTENSION STUDY

ELEVATION ANGLE= 0' DEGREES
. A.$P.E T RATIO =.-_ .00 .

ASPECT AN'LE z 90.00 DEGREES
RANGE m 0 FEET

PLUME IR TOTALS

FROM 1;80 TO 2,70 MICROlNS = ý1,595b WT/ST
FROm 3.90 TO 4.80 mICRONs = 167,0830 WT/ST

"oIREP TFST PRnBLEM A
FpLUME SUPPRESSIOS CASE- .

PIREP EXTENSI N STUD- -

ELEVATION ANrLE 0. DEGPEES
,.....ASPEr-T PATTI) 4. (.0

ASPECT ANbLE 90.00 I)EGREES
RANGE = 5o00oo.0 FEET

PLUME IR TOTALS

FROM l'80 TO 2,70 MIr'nNS = O.01iC WT/ST

FROM 3.00 TO 4.80 MICRONS = 0,6196 I'T/ST

A * * *AA At At**

LUCWON RANGEo FEET

ASPECT
ANGLE ýIISsILE NUMHER
(DEG) 1 2

90.00 10513.

A- TL



PIREP TEST PROBLEM 3
PLUME SUPPRESSION

CASE 5

PIREP EXTENSION STUDY.

ELEVATION ANGLE=: 0, DEGREES
----- ASPECT RATIO-- lu.0Q

ASPECT ANGLE 90. 0o0 DEGREES .
RANGE O. FEET

PLUME IR TOTALS

FROM 1;80 Taio 2*0micRflNS z 2,3279 WT/ST
FROM 3.90 TO 4.80 MICRONS = 95,359b WT/ST

PIREP TFST PRnBLEM 3
.. - PLUME SIIPPRESSION .. ..

CASE

PIREP EXTENSION STUDY

ELEVATION ANGLE= 0. DEGREES
_.... 10T _ _ to.oO =
ASPECT ANGLE = 90.00 DEGREES
RANGE 56000o.00 FEET

PLUME IR TOTALS

FROM It8O To 2.70 MICRONS = 0,001-9 WT/ST
FROM 3.90 'TO 4.80 MICRnNS = 0,3530 WT/ST

LOCI(ON RANGE, FEET

ASPECT
ANGLE MISSILF NUMBER
(DEc) 1 2
90.00 759, Bosg.

h-22
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P!REP TFST PRQBLEM 3
-- -PLUMF SUPPRESSION CASE 

7

PIREP EXTENSION ST"DY I

ELEVATION ANGLE= 45.0 DEGREES
AqPECT RATTU.= 1.00-.
A 'ECT ANGLE =qo.o0 DEGREES
RA,.!GE O. fEET

PLUME IR TOTALS

FROM 1;80 TO 2,7O MICRONS = 16.276 WT/ST
FROM 3,9o TO 4.80 MICRONS x 349.3025 WT/ST

PTRFP TEST PRI1RLEM 3
. PLUMESUPPRE5SION .

CASE 8

___ PIPEP EXTENSION ..STUD• .--

ELEVATION ANGLE= 45,0 DEGRFES
_.. ASPECT.RATIU =...

ASPECT ANGLE = 90,00 DEGREES
RANGF SOOOO.O0 FEET

PLUME IR TOTALS

FRnM 1.80 TO 2.70 MICRnNS = 00392 kTI/T
FRnM 3.90 Tfu 4.80 MICFoNS = 1,?958 WT/ST

LOCK)N RANGE, FEET

- ASPECT
ANGLE ]i .•ST.F NtIM4FR
{DEeG)

90.06 1413. tI372.

A-23
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PIREP TEST PROBLEM 3
PLUME-SUPPRESSION

CASE 9

PIREP--FXTEr SION..STUDY .

ELEVATION ANGLE= 45.0 DEGREES
ASPEC-T RATIO /4 QO
ASPECT ANGLE qo.u DEGREES
RANGE 0 O. FEET

PLUME IR TOTALS

-.... FROM 1.8O TU 2.t70 MICRONS = 5,77S6 WT/ST
FRnM 3.9o TO 4.80 MICRONS = 151,74q4 WT/ST

PIREP TEST PRnBLEM 3
___ ... PLUME. SUPPRE5 SLNI____

CASE 10

PIREP-EXTENS ION STUDY.

ELEVATION ANGLE= atL.o nEGREES
A_ PECJ .RATLQ ; -- 4.o
ASPECT AN4LE x 90.00 DEGREES
RANGE 50000.00 FEET

PLU'ME IR TOTALS

FROM It80 TO 2.70 MTrRnNS = 0,0122 WT/ST
FROM 3.q0 TO 4.80 MTrIONS = 0.5629 wT/3T

LOCK[IN RANGE, rEET

AS~i-CT
ANGLE MISAILE NUMBER
(DEC) 1 2
90.00 I0 (I 9417,

A- Y4



PIREP TEST PROBLEM 3
PLUME- SIPPRFSSIOfN

CASE I,,

PIREP EXTENSION STUDY -.-... ..

ELEVATION ANGLF= 4'5.0 DEGREES
ASPECT RATIO = 10.00
ASPECT ANGLE z 90.00 DEGREES
RANGE 0. FEET

PLUME IR TOTALS

FROM 1.80 TO 2.70 MICRONS = 1,7960 WT/ST
FROM 3.90 TO 4.80 MICRONS z 78,3223 WT/ST

PIRFP TEST PRPBLEM 3

-.......... PL.JME S. SUPP RESSIO L .
CASE 12

PIREP EXTEN.SION STUDY.. . . . . . .

ELEVATION ANGLE= 45,0 DEGREES
_... SPECT RATIO = 10,00

ASPECT ANGLE = QO.O0 DEGREES
RANGE 50_000.00 FEET

PLUt'E IR TOTALS

FRlM 10 TO 2.70 MrROnNs = 0,0018 WT/ST
FROM 3.90 TO 4.8o0 MiCRONS = 0.2906 WT/ST

LOCKON RANGE, FEET

-ASPECT
ANGLE MISSILE NUMBER
90E0r0) I,

-A-



PI REP TF ST PRp~l( [E *5
- -- -PLUmE SUF'PREsSIUN

CAS1. 1-3

____ PIREP FXTENSIONJ bTUDY

ELEVATION ANgLf= 90.0 DEREES
-ASEEET-RATI = 1.00

ASPECZT ANI'LL = 0 . 0 0 DE(;RFLES
RANGE c. FEET

PLUME IR TOTALS

FROM l'~80 To 2.70 MICPONS 16.6276 WT/5T
FROM 3.Q0 Tý £4.80 MICRONS = 349.302S WJT/ST

PIPEP TEST PpflBLEM 3
.- PL-U.UJ¶ SU)PPRESSION _

CASE 114

______ --PIREP EXTENSION STUDY .- --

ELEVATION ANGLF= 90.0 DEGRFES
~ASPECT--RATIU = _1-00
ISPECT AN6.LF 90.o0 DEGREES
RANGE n 5oo00-0O FEET

PLUME IR Tt UAt.

FROM 1. 80 TO 2.70 M~rRCINS 0,035? WT/!ýT
FROM 3.96 TO 14.80 tiTCRONS l,?9NB WdT/5T

LOsONRN(E,?-F

WE A7 A

ISP17

AISL 20t~F



PTRFP TEST PRflBLEM 3
PLUML SUJPPRESSION . .. .. .

CASE 15

_PIREP. FXTENSIIJN STU)DY

ELEVATION ANrLE= 90.0 DEGREES
ASPECT RATTI) = _ O (.00
ASPECT AN6LE = 90.00 DEGREES
RANGE = 0. FEET

PLUME IR TOTALS

FROM t180 Tn 2.70 MICRONS = 3,6936 WT/ST
FROM 3.90 TO 4.80 MICRONS = 114,7107 WTI/ST

PYREP TEST PRnBLEM 3
PLUME StJPPRFSSION

CASE t6

- PIREP EXTENSION.-STUJDY

ELEVATTON ANGLF= 90.0 DEGREES
---ASPECT RATIO = 4.00

ASPECT ANuLE = 90.00 DEGREES
RANGE 5n0(Oo.oO FEET

PLUME IR TOTALS

FROm 1,O0 TO 2.70 m1rRON3 = 0,0078 WT/ST
FROM 3.qo TI' 0.80 MICRONS = 0.a2Sb WTIST

LOC<KON RANI;E, FFET

ASPECT
ANGLE MIS 2LE N U P

90. 00 06.

A -21



PTRFP TFS T PPOHBIEm 3
FLU, 4L 5t'PPRESSIOjn

CASE 17

PIREP EXTENSION STUDY

ELEVATION ANfLE= 90.0 DEGREES
_ASPECTRATIO = Ao.QO,

ASPECT AN('LE z 90.00 DEGREES
RANGE z 0. FEET

PLUME IR TOTALS

FROM t,80 T) 2,•70 MTCRONS = 0,5121 - WriST
FROM 3.90 TO 4.80 MICRONS = 37,1906 WT/ST

PIREP TEST PROBLEM 3
PLUME SUPPRESSION

CASE 18

PIREP EXTENSION STUDY

FLEVATTnN ANGLF= 00,0 ErGREES
..APEC- RATIO = Io},fl
ASPECT ANGLE = qO.00 DEGREES
RANGE • 5o000.00 FEET

Pt LUME IR TOTALS

FRn• 1.80 TI) 2.70 MTrRFnN z 0.0011 WT/ST
FROIM 3.9) T(I 14. • MTrRfnNS = f ( I HO WT/ST

'. LOCkON PANr.,. rFFET

ASPeT
ANGLE MS!TLE N!I"PFPR
(nEtC) I 1
00.00 07o.A ,



PIRFP TFST PprnBLEM
HOT PARTS SUPPRESSI(N I

CASE

** PIREP OUTPUT **

T7 119R.00 T5 2308.00
___ P 56.o2 A8 53•,60

PAMB 14I.70 xm 1.00VC1P 3. ALT 0.

FAR 0.O . .

I[ I.NDICES

1.8-2.7 -

PLUMF 17. "39.
HOT PTS Polo. 1298.

PIRFP TFST PPnHLEM 4
HOT PARTS SIUPPRESSION I-

rASEF

PIREP FXTENSION STUDY

FLFVATI(JN, A(;Lr- f. Pt GRFFS
A5PECT PAfTIO = 1.o0
ASPECT A.(;s - O. I•EF 23
RANGF 0. FEET
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VI 3ke t V T 5. T , p f
NOfT p~Y

CASE ~

ASPFCT 4 A':_-

ASPECT ANGLE

pt- UWE

~MIT

F~fl 3Q T. q~l ~v~443 ISS.?3 WT/,,T

PIPF-P TFST Pynf41 t. q
fl~rT DAW~c. qtp c -

CASE s

PIREP FXTENSIrqN STUDY

FLEVATMfN A1NGLF= 1.' IYEGQFES
ASPECT RATM = 1.0
A.-5PECT ANGI.k = 30.00 r~trPEES
RANGF 0. FEFi

PLUMEF IP i')IAI

0~l Tf) H 2.70 PMECCRNS = i3L132. WT S T
FI~nm 3.90 To 4.80 MICRO)NS 1'J.h'gOS WTIST

A TETNIIA TED HflT PAR rs i R ~rfITAL-

F~R1M ý i TO 2,70 r-IrTrRnNS !b..23 ~'S
FRflm 3.90 TO '4.80 trTC~rINS 1 69 23 09 WT 'ST
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r'TRFP TFST !pfnHl,_M t4
ii]T PARYS SUOPRE5S5TN I

CASE '4

.. IPEP EXTENSION STUDY

ELFVATION ANGLE- 0. DEGpEES
A$PECT RATIO = tUQ
APECT AN LLE = 30.00 DEGPFES
RANGF 50000.00 FEET

PLUME IR TOTALS

FRIM 1.80 TO) 4,70 MICRONS = 0-0176 W-i/- ST
FROM 3. 90 TO 4.80 MiCRONS = 0,6479 bdT/ST

ATTENUATED HOT PARTS I11 TOTALS

FROM 1;90 Tn 2.70 MICRONS = 288.9846 WT/ST
FROM 3.90 TO 4.80 MICRONS = 306,1048 WTST

PIR;P TFST PRrI1LEM 4

HOT PARTS SOPPRESSTON I
CASE 5

-'IREP EXTENSI({N STUDY

ELEVATION ANGLF= . DEGRFFS
ASPECT RATIU = I1.0o
ASPECT ANGLE .n U. EGRFES
RANGE 0. FEFT

A -- i '
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PIREP TEST PROBLEM 4
S.... HOT PART3 .SUPPRESSION I S 6

PIREP EXTENSION. .TI.D ....

ELEVATION ANGLE= 0- DEGREES

S.ASPECT RATIfl_ ... _,___....

ASPECT AN6-LE = O0 DEGREES
RANGE x 50000.00 FEET

PLUME ZR TOTALS

FROM i-80 TO 2t70 "MICRONS 0 00031 WT/ST
FROM 3.90 TO 4.80 MICRONS 2 0,1129 WT/ST

ATTENUATED HOT PARTS YR TOTALS

FROM 1'80 TO 270 MICRONS = 242,1330 WT/ST
FROM 3.90 TO 4.80 MICRONS a 286,9192 WT/ST

PIRFP TEST PROBLEM 1

........ OT.PARTS. .SUPPRESSIQýII_.._ _

CASE 7

PIREP.. EX.TENSI0N..MU...DTY

ELEVATION ANGLEz 0. DEGREES
ASPECT RATIO. .. 1.00
kSPECT ANGLE 3 30,00 DEGREES
RANGE 0 O. FEET

PLUME IR TOTALS

FROM L.eO TO 2%70 MICRONS z 8,3132 WT/ST

FROM 3.90 TO 4.80 MICRONS z 174,6405 WT/3T

ATTENUATED iHT PARTS IR TOTALS

FROM l80 TO 2,70 MICRONS: Q97,6527 wT/ST
FROM' 3.Qn TO 4.80 MICRONS 2 759,7791 MT/ST
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PIRFP TEST PRnBLEM 4
.HOT PARTS SUJPPRESSION- I - CS

j PIREP EXTENSION ST.JOY_

ELEVATION ANGLE= 0. D'EGREES
---ASPECT RATIC1z.IoO.

ASPECT ANGLE 30,00 D~EGREES
RANGE S 0010.,00 FEET

PLUME IR TOTAL$

FROIM 1;80 TO 2,70 MICRONS 0.0176 WT/ST
FROM 3.90 TO ~4,80 MICRONS x 0,647T9 WT/ST

ATTENUATED HOT PARTS IR TOTALS

FROM J1t80 Tu 2.'70 MTCPONS m 209,6936 WT/3T
FROM 3.9ý0 TO 4a.80 MICRONS x 248,4796 WT/ST

PIRFP TEST PROBLEM 14
H1OT PART3 .SUPPRESSION~.~

CASE

- ~ ~ _PIREP EXTENSION STUDY-- __

ELEVATION ANGLE= 0. DEGREES
-.--ASPECT RATIO = loc

ASPECT ANGLE c 00 DEGRE:ES
RANG.E :ow FFFT

A- 35



r.414AU51 "III PARTS INPUT/ oeilý 'I1

A A. .* I .

bume 814 (a) )d.0

A If305. S39 1' 4b 3.'t

ASP a S. DIG[REIf14 b*Vk~ttWGTn BAhN I.8 e.?7 ILIAL tRISSIONS * 29.13;

______ .A4Pa-. I.- DLGRCIS.. WAVELINCIK BAND .3.9 -e-t.2... -TOTATL EInSSIONSs 9 I5&.fl

ASP a S11.0CntG~tIs. hAVLLLNI.TW SAN 28 -P I LI.i TOTL F-18610
1
,3 x nsdzs

ASP IP 3.SODICACS . SAYILLNINCI hIND 1* 0 41.6 TOTAL2 (PJISI7Q%& * 95

.......SUNt IN TOTALS.- ---- - ----- - - ...

IPnlS A,&* ITI' 2.10 I.5C~nNI * 1e.444 1 -ls

- .-FROMn 3.90 To 5.61 Miror14s 0 30.%1.25 0 7.1? ---- -

run"EIITV 1W8T P6151 T7TA0 mia *" a 93.aij3' -13T - -____-1. ~ ~~PO" 3.00 To 4,50t -2rpfl.3 a 5.Z" .1/357-



PTREP TEtST PROBLEM 4
. HOT PARTS SUPPRESSION- I.

CASE 10

PIREP EXTENSION. STUDY- .....

ELEVATION ANGLE= 0. DEGRFES
S. -..AS E"-c . RATIO ,.... . . __......

ASPECT ANGLE z 0. DEGREES
RANGE 50000.00 FEET

PLUME IR TOTALS

FROM 1,80 TO 2,70 MICRONS= 0,0031 WT/ST
FROM 3.00 TO 4.80 MICRONS : 0.1129 WT/ST

ATTENUATED HnT PARTS IR TOTALS

FROM 1'80 TO 2.70 MICRONS : 58,8667 WT/ST
FROM 3.90 TO 4.80 MICRONS ¶49,2060 wN/ST

PIREP TEST PROBLEM 4
-- HO.TPARTS..-S.IJPRE.SSO PASEL. CASE It

__PI!EP_ EXTENSION- STUDY-....

ELEVATION ANGLE: 0. DEGREES
-.... ASPECT. RATIO ; 1.00. __...

ASPECT ANGLE 3 50.00 n)EGPELS
RANGE = 0. FEET

PLUME IR TOTALS

.. FROM 1 80-TO- 2*70 MICRONS = 8,3132 WT/ST
SFROM 3.90 TO 4.80 MICRONS = 174,6405 WT/ST

ATTENUATED HOT PARTS IR TOTALS

FROM 1;80 To 2;70 MICRONS 2 254,27b6 WT/ST
FROM 3.90 TO s,80 MICRONS a 39S.1063 W'N/ST
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PIRFp TEST PR(nHLF.M
HO3T PARTS SUPPRESSION I CS

ý11REP .EXTENSIOM- &T-UOV-Y__

ELEVATION ANr-LEs 0, DEGREES
-A-sprcL..,A T.1.0 00'A.Q.
ASPECT ANýLE z 30.0 D~EGREES -____

RANGE * 50000.00 FEET

PLUME ZR TOTALS

- FOM1eo To 2,70 MICRONS :0.0176 OT/3T
FROM 3*qf) TO '4.80 mLCRIINS z0.6479 TS

ATTENUATED HOT PARTS ZR TnTALS

FRO l 0 TO270 -mICRONS 5=-- 50,9801 WT/ST
FROM 3.90 TO 4a80 MICRONS 19,13 'TT
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PIREP TEST PROBLEM 5
-HOT.. PARTS SVPPRESSI.LU_ I-1

CASE

- *A... EP.E OLTPLLT ,..*. .

T7 1368.00 T5 2008.00

PAM8 14,70 0H 1,00
vclq O, ALT 0.
h•R __ __ _ __.__ _ __ _ __ _

I R I NDIC.FS

1:8-2.7 3:9-4:8

P.... LUM E . . .tT7... . 349.; ... .... __

HOT PTS 20100 12981

PIREP TEST PRnRLEM S
liOT PARTS SUPPRESSION 11.

CASE

--. !P.EP Fx TENS IONS TUOY .........

ELEVATION A.NGLE= 0, DEGREES
___A3?PECT PATTiQL..0 , .....

ASPECT ANGLE 3 o0 DEGREES
RANGE 0 0. FEET

EXTENOED HOT PA'RTS GEOMETRY

__ ...... EMH4AUT-.SUFPECECOORD Lt{•ATES I .

0 -.. YO 50,00. 70.0
-- 120100 _ 2a 00- . 13,0 .. 14.6m - ----

CENTERBODY C.O0OR ATES / .........
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SysTEM INTERNAL VIEW FACYORS

P.C it I)a 0 50261 FC to 1)v 000263.
F( It 2)9 0:206~9 FC 2: 1): 0.S5272
F( it 3)v 0,02601 FC 3. 1). 0,-06060
PC 10 4) 6,0S43-2 F( 4s 1)6 0,:11547
Ft to 5)m 0016228 F( S, 1)m 0,72914
F( It 6)a o.017o7 F( 6, 1)a 0909611

AREA( 1)m 3769:91 so, IN*

PC 2p 1). 0,33272 F( 1; 2): 0,i40569
PC 2# 2)% 0941534 F( 2, 2). 0:41534
PC 2t 3)w ov11355 FC 3, 2)m 0 14.326
PC 2f O). o,03289 FC 4, 2)m 0,16277
PC 21 5). o.00767 F( 5, 2)v 0,18211
FC 2p 6OR 0902086 F( 6# 2)n 0,06847

AREA( 2)w 2198'40 30, IN,

PC 3# 108 0,06060 F( It 3)a 0OU2801
F( 3p 2). 0,14326 PC 21, 3)z 01113SS
PC 3o 3)v 0,50482 !`( 3, 3)m OsS0482
F( 3, O). 6,00373 PC 4# 3)m 0,?1463
F( 3l 5)w 0,01039 F( So Da3 0.01922
F( 3# 6)w 0.3163 FC 6o 3)4 0.82781

JREA( 3)w 1742;51 8W. IN,

PC 4o, 1)ff 0,7157 FC to 4I)8 0,08432
PC 4F 2)s 0616277 PC 2# 4)x 0,03289
PC 4p 3)0 0.01463 F( 3, 4Oz 0,60373
FC 4p 4)m 0. PC 4p 4)6 0
F( 4v 5)s 0,07829 F( s, 4)i 0,03690
PC 4, 6)0 0,02894 PC 6, 4)s690,1920

AREA( 4)m 444,29 99, IN,'

7( 5, 1)w 0 72914 PC to 5). 091OZWO
F( So 2)x ,Ss PC11F 2, 5). 0 U7607
PC So 3)a .,,,01912 PC 3# 5)a 0,61039
F( So 4)9 0.03690 FC 4o, 5)z 0,67829
PC s, S)f d, F( lo 5). 0,
PC So 6)0 0.03411 ri i, 5)m o,?4isot

PC., AREAC 5)m 942"48 39, IN.

F( ~ ~ ~ ~ P 6o 1) ,01 ( #O 0,01707
PC 6, 2)8 0.06647 FC 2p 6)G 0:02066
Pf 6j, 3)v 0.82761 PC 3, 6)6 0,31813
F( 6f 4)a 0,01920 FC 4f 6). 0,Q2894
F( 6# S)8 0,04801 PC 5, 6): 0:63411
PC 6,p 6)v 0, F( 6# 6)8 Ot

AREA( 6)4 669;66 $9, IN,-
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C904AUIT HOTPAINTSIPPUY/OUTPUT

wool 71?4ýENAyU~f PQr6JFCTfD ARIol ONEM) A? CAC'H ASPELT ANGcLE

N~JMEI II 0. 30.0

I RON~. 0, '16.:

I i350,0 158v6 33.1o

___b AREA DI~t *RECT lqFLECTED R40I5iiV CUM6ULATIVE -

*,WoTT3@4 *13131.0 OVssAN 0

Alp 4 . DEGR~rav WAVELENGTH DAND .1.6 4.5 YUTAL EM5ISSZUM4U 14237.11

0' 03, 0. 0, IiMSL 03

* 1.811677?1 @ 6 .07199 53 *.4*303t.@1 0.017ack 03 15?E~o~ 01

Alp 8. 340DIGN1rs WAVUIENG1N SAND .3.9 v 4.0 Y9!AL EMISSIWJ m 01.*

- I.t&3761 03 :S,491@ OR - *3031S, #I 9*#1:936L I* Qa.6941 0*
4 0,351381 @3 af 63 4,2I 0 .1*3,61 93 0.57 It3 45 5.Wa4t 05

* .167 0*1 i #1 1.20 5 91. 0.0G111sk 01

AR03@.06DESPIrta WAV9LENGIN $AND 1.3.0 It ,0 UJIAL EIMASSUNA . @39.5

1 ,0 4640 o:499 # .191C# . 1,ea

0.0 . O.ieqqoOiR

-*PLL46C 31 TOTALS ~: 2

....4IEPAVID HOT PAMT IN VILTAS -.- -* - -I __ YomI fl3.NIRONS *.iac..a9s2 010L
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PIREP TEST PRnBLEM 5
HOT PARTS SUPPRESSION 1I CASE

PIREP EXTENSION STUDY

LVATION ANGLE* 0, DEGRFES
SPEeT RATIO a 1.00

ASPEeT ANGLE a O. DEGREES

RANGE * 50000o00 FEET

PLUME IR TOTALS

FROM 1,80 TO 2.To MICRONS S 0,0031 WT/ST
FROM 1,90 TO 4.o0 MICRONS 3 0,12l9 Wl/8T

ATTENUATED HnT PARTS IR TOTALS

FROM 1.80 TO kglo MICRONS 0 473,2798 WT/3T
FROM 3.90 TO 4,&0 MICRON$ m 463.2534 Wl/bT

PIREP TEST PROBLEM 9
HOT PARTS SUppRESSTON II

CASE J

PIREP EXTENSION STIDY

ELEVATION ANGLEN 0, DEGRtES

AfAECT RATIO a 1.00
AJPEeT ANGLE a 30o,00 DEGREES
N•ANGE 09. FEET

PLUME yR TOTALS

FROM 1,80 TO 2,yo MICRONS x 8,3132 WT/ST
FROM 3o90 TO 48g0 MICRONS a 174.9405 WT/3T

ATTENUATED HNOT PARTS IR TOTALS

FROM 1480 TO 2.,0 MICGONS a 83992278 WTiST
FROM 3,90 TO 4,go MICRONS i 683,S834 WT/ST

A-42
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PIREP TEST PRORLEM 5
HOT PARTS SIJppRESSION 1I

CASE '

PIREP EXTENSION STUDY

ELEVATION ANGLEN 0, DEGWE8
ASPECT RATIO a 1.00
ASPECT ANGLE m 30400 DEGOFEE
RANGE * 50000,00 FEET

PLUME IR T CYALS

FROM 1,80 TO 2,o MICRONS x 0,0176 WT/IT
FRCM .,90 TO 4,g0 MICRONS 0 ,.6479 WT/3T

ATTENUATED HOT PARTS JR TOTALS

FROM 1,80 TO 2,V0 MICRONS a 17b,17I5 WT/bT
FROM 3,90 TO 4480 MICRONS a 223,6585 W?/ST

PTPRP TEST PROBLEM 5
HOT PARTS SUPPRESSION II

CASE 5

PIREP EXTENSION STI!OY

ELEVATION ANGLE= 0. DEGRFES
. ASPECT-RATIO 1.00

ASPECT ANULE 0, nEGRFES
RANGE =. FEET

EXTENDED HOT PARTS GE(OHMTRY

EXHAUST SURFACE COORDINATE$# IN*

t), 0. 00 50.00 70 0)
20.O0 20_00 13.05 114.60

CFNTFRBODY COOROINATESpIN./
0 o*.00

10,00 0.
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SysTEM INTERNAL VIEW FACTOR3

F( , 2)w o,50261 P'( If 1). O.Obt
F( it 2)m 0,20S69 F( 2# 1): 0,.5a7u
F( i, 3)U a.02801 Fl 3o Op 0,06060
F( it 4)a o,08643 FC 4l 1)m 0,715S?
F( 1. 5). 0.18226 F( SoI )a 09,2914
Ft to b)m OO.?007 FC 6o 1)v 01)9611

AREA( 1). 3769.91 3Q. IN,

F( 2# I). o.35272 F( It 2) ,OdOS69
F( 2# 2)a o.41534 F( 2l 2): Og4153U
F( 2# 3)w o,11355 F( 3, 2): 0,14326
F( 2, )s] 0.03289 F7 (, 42) 0,16277
F( 2# S)m 4.07807 ,l 5o 2)w 0,18211
F( 2f 6)8 0402086 F( bs 2)v 0,U6847

AREA( 2)m 21986'40 SO, 1%

F! 3p I)m 0,06060 F( to 3)3 00)2001
F( 3, 2)m 0,143P6 F( 2, 3)3 0,11355
F( 3, 3)3 0,504ag Fl 3# 3)z OhO46
F( 3, 4)s 0.00373 F( 4, 3)4 0,01)63
F( 3o S)w 0,01039 F( 5, 3)x 0.U19-

F( 3# O)n 0,31813 F( be 3)x 0992781

AREA( 3)w 1742*51 SQ, IN,

F( 4C I)m 0,7I547 F( If 4)p 0,08432
F( 40 2)m 0.162?7 F( 2, 4)m 0#63289
F( 4l, 3)x 0,01463 F( 3, 4): 0.00373
F( a# 4)v 0. F( 4, 4). 0:-
F( , 5). 0,078629 F( 5, pi) 0 IJ3690
F( 4v 6)8 0.02894 F( b6, 4): 0.61920

XPEAC 4)z 444'29 SO. 114,

F( 5 1)a 0.72914 F( I, S5) 0,18228
F( 5 2)a 0.18211 Ft 2, S). 0.07807
F( S, D)s 0.01922 F( 3, 5)3 0.01039
F( S 4)m 6.03690 F( 4, 5)w 0._07829
F( 5# 5)p O. Fl 5, S)3 0,

F( S, 6)w 0,03411 F( 6, 5)3 OIOI801

AREAC 5)3 9420'48 SU. IN*

FC 6, 1)* 0909611 F( 1, 6). 0.01701
F( 68 2)8 0,06847 F( 2# 6): 0,02066
F( 6. 3).i n-827AI PC Ia& -03ifi
FC 6F SI). 0.01920 F( 4, 6)z 0,62894
F( 6p S). 0.04801 F( so 6) 0,03411
F( 6, 6)O 0, F( 60 6)m 0.

AREA( &)a 6#9:66 80, IN,
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Ifot -(pt pATIl.* I.:pl CI '.Sc? t'Iz. .,LI A N fL
*.NU'PSLP (50. .00.a

1 '(1".0 7. ý176
4 1 v3A¶* 3.0. 06

moor1 AREA. p IrrYT F101I(50 PADIUSI1TY CUMULstsvr

so IH !3Ji I HE 5L' If. - I1 111 sA

A8P11 0. UCfCtEs, NAVt(EWY EOI AND I.8 2.7 TLIT.L LmISS[O-N3 S ~ 55

*. .. 0. .-~0 0. . O1705[ D0
2 0. 1). *0 1. 9. YE-fl2

3 0.I1564O 01 0.MlA-stOe 4? o.o5QAQ5'-o e7.4AII6IE 0Z 0.Jl6,501 Do'
4 0 11390 10 (3 O. 11761F 0,? 0 90f'!s -4c 1 r. I I bl611 oR 0 .11 7.2t CZ'
5 0.2 1617 7003 0 1 AT j f o4 0.60776E-01 VoItu 7i'.t 04 0.l07?Dr' 04

asp* 0. ftLCY S, WAV(LEAIJGIH 8A~lS 3.Q - A', TOTAL IMIWY107!o3 * loo

-L 9"00. 099E0
2 0. D, 0 0. . ,16Y-20. %I0,AA 03 11SJ? 0sp ? o o.YVOo 0.05?Zf. V2 0,0%?AOO 0?

0. 91I1A if 013 11.6101h t:` U,4eýoo'Oo-os 0, 1,2 0 t 0? 0*6l97lF At -
S 0.016770 03 0.6117I A1(3 .4aro 0 .AIIT7L 03 o.61171( 03

ASP a 30.OOTECQItS. WAVELENAGTH BAND 5.8 - 2.7 tOTAL (M4135i(JNS a 43

o.----- 0.IlbioI 0.3 0.bb17,F 03 o,5"43ior-oi !.6vSSIIf 03 -9.eb1RsrE 03
2 *.IABSTEr 02 s.23nwr 0 0.l12Co 0.?3L'AL 0z 0.130111F V2

3 01311,?3 03 0'95?22Ea o2 iS17'*E-01 0.9953A41 0? *'9!54aC o?

A 0 . --.. 0.- 
0

.69070F-0q
s0. 0. 6.21,532t-01

ASP * 30.0o0DE000S, WAVLLLMGIM 0*10 3. -r 4.8 TOTAL LMISSTOASN3 11

I 0-.I 1s0L 01. 0.42730! 03 o 03ý13oE-0t 0.42741f. 03 0.4?743F 03
2 Q.7&61IF 02 fl.7Ic?i op 0.0'S-I o.I E 01? 0.4ljtaQE 621
1 0.3)lS 3 0.?if 370 71 03 PIltn ?07L 3 QiQ7. @

0 - 0. 0. ii . ? 3 L 4 ) 0.II 371br.@

FL~UME IN ITOjsL

7POM I,81" It, 2.70 tICRONS 9 .4491 A.T/ST
0900m 3.90 10 0I.00 P-I1PW:5 x , o.ISk~ TotST

ATTrNIJHTU S IST PAPTS IR M TrALS

FpsTM lŽet TO 2.70 wTrOONS a IIŽ5.'3P0 -1/AT...............
Ppcw) 3.qO Toj q.to Mlrpo';S TSQ.0747 .1/ST

.n. . .. ..



PIRAFP TEST P6,n6BLEm b
Hir pAAyb 50PPRESJONj IL

CASE

PIRER EX_i1EkSI.ON STUDY

ELEVATION ANGLE= 0. DEGREES
ASPECT RAT[O A_ L. 00 __ ___

ASPECT AN4LE m O0 DEGREES
RANGE = 50000.00 FEET

PLUME IR TOTALS

FROM 1;80 TO 22 0 MICRONS x 0.0031 WT/ST

FROM 3.90 TO 4.8( MICRONS = 0.1129 WT/ST

ATTENUATED HOT PARTS ZR TOTALS

FROM 1;80 TO 2;70 MICRONS m 238,3871 WT/ST
FROM 3.90 TO 6.80 MICRONS m 248,2492 NT/ST

PYREP TEST PROBLEM 5
__H__ -_ PARTS SUPPRESSION¶_I-1-

CASE 7

PIREFP , EXTENSIOIN STUDY- .... ... .... .-....

ELEVATION ANGLE= 0. OFGREES
-.-- ASPECT RATIO 1.00_ ...

ASPECT ANCLE = 30GCo DLG;REE,
RANGE x 0. FEET

PLUME IR TnTALS

FROM t,80 TO 2.70 MICRONS e ,332 WT/ST

ATTENUATED HOT PARTS IR TOTALS

FROM 1%80 TO 2,70 HICROVN 1 784,3929 WT/ST
FROM 3.90 TO .v80 MICRONS b78,3499 WT/ST
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PIRFP TES[ PRflRLEm 9
-HOT pPRTIS SUPPRF5ST0N Il

'CASE

- PIPFp_.FX.TENSI~L.5TL'lV- __

ELEVATION ANGLE= 0. DEGREES
-ASPIEUT RATIO -r -I_
ASPECT A"GLE z30. 00 DEGREES
RANGE 500O00.00 FEET

PLUME IR TOTALS

FROM 1t0 TO 2,70 MICRONS = O,0176 WT~/ST
FROM 3.90 TO 4.80 MICRONS z 0,64I79 NT/ST

ATTENUATED HOT PARTS IR TOTALS

FROM J.,80 TO 2,10 MICRONS = 16'4,5011 MT/ST
FROM 3.90 TO 4.80 MICR(JNS Z 221,8488 WT/ST

PIREP TEST PROBLEM 5
_____- . .~oTPARLa -SUPPRESSION IL - CS

-- ____PIRE-PEXTENSTON STUDY

ELEVA71ON ANGLE= 0' DEGREES
ASP-EtT RATIO z
ASPEeT ANGLE ot DEGREES
RANGE 0. FEET

EXTENDED Hnll PARTs GFOMFTRY

EXMAUS-TSUP-FACE--OORDINA-IESD -IN~-- ---

0. 30.00 50.00 70.00
20.o0.oo20.jo 13.05 14.60 __

-. CENTEFIPUDY COORDINATES, !m
0, 10.00

A-4 7



3yaTEM TNTERNAL VIEW FACT(ORS

F( If I)p 0,50261 F( If 1`x 0,!0261
F( to 2). o,20569 F( 2p 1). 0,15272
F( 1, 3)m 0,02801 F( 3, 1)a Qb06060
Ff 1, 4)r 0,08432 F( 4, 1): 0,71W
F( If S)h O,18220 F( 5, 1): 0,12914i
F( to 6)m lv,017o7 F( 6# 1)O 0,?961I

AREA( 1)m 3769,91 so, INd

F( 2, 1)* 0,35272 F( It 2)x OeO569
F( 2p 2)• 0,4t534 F( 2, 2): ,01534
F( 20 3)x 0.11355 F( !, 2)u Oi4326
F( 2o 4)m o,03289 F( 4, 2)z 0116277
F( 2o 5). 0,07807 F( So 2)m Q,18211
F( 2f 6)m 0002026 F( 6p 2)2 0,06847

AREA( 2). 2198;40 80, IN,

F( 3p ,)x (' 06060 F( 1, 3)v 0,02801
F( 3v 2)m o,14316 F( 2, 3)4 J,11355
F( 3p 3)v 0,50482 F( 3p 3) 6,05082
F( 3, 4)w 0,00373 F( 4f 3)m 0,01463
F( 3, 5)a o,01039 F( 5, 3)x 0.61922
F( 3, 6). o.018i3 F( 6, 1)x ,62784

A- zA( 3)x 174251 SU, IN.

F( 4p 1)m 0.71507 F( 1# 4): 0,08432
F( 4p, 2)w 0,16277 F( 2, 4): 0,03289

F4 3)z 0,01463 F( 3, 4)z 0,60373
F( 4v 4)a iie FC 4, 4)u ,
F( 4, 5). o,07•pQ F( 5 U)S 0,93690
F( 4p 6)z Ou,2804 F( 6, 4)z 0,01929

AREA( 4)x 44,29 8(, IN.

F( 5. 1)a 0,72414 F( 1f 5)z 0,18228
C( S 2). 0,18211 f 2F S). 0907607

F( 5, 3)v 0.01922 F( 3p 5)a 0,01039
F( 5, 4). o903690 F( 4l 5) 0,07829
F( S, S)fj 0, F( 5, 5): 0,9
F( S 6)m o,03411 F( 6p 5S) 0,04801

ARIA( 5)m 942;48 so, IN,

F2?~ I)= o.C40i Ft 1, 6). Q.01707
C A, 2). 0.06647 F( 2, 6)3 6,02086

F( 6p 3)v 0,82781 F( 3, 6)m 0131813
F( fi 4)R 0,01920 F( 4# 6)3 0u2894
F( 6, 5). 0,04801 F( s, 6)8 0:03411
F( 6, 6)8 0, F( 6, b)m 0,

iRrAf 0)0 669'b. 80, (N,

A-4 8



F Aif~'t *.flY 0*a0315 I;.LT7/DtJ TIW'T

NuroF iwtIay~ ,arrcvI rl Apt AS I!k?) A T I Arn &SOjt L -1L

WAIA 0. I 0,

I )MA .0 0. 7.6

I 1500.1 313.8- 9 .- - - - -

110l0.0 196.14 0.

jOlnE A'lA 1)OC RariL[CT; p RADIuSITV LU"LJLAl'IYE
CiS0Zt3'.s FP453SI('NS £tI5SIfl.,S

ASP * 0. C'(GRAS. WAVILENOTm SAND 1,8- 2.7 TOTAL. tISSiC2%S 143q.01

- i 00.0, 0. U,20179!F n3

2 0. 0:.7 It' 0. 0.18945[ ot)
s 0:.1306(0 0 C. ij0l'F 09 0,2a0s OSO 0 0.27513E 0? Q.a?,oqQE of
I CO .30I3'f Ca 0 .76059F019 0031"r t:13 Q .330 3QQ' 3 l .7 73j1E 01
1 O .2ioe"7F9 0 3 eý.o~r 107 1 0FDo .503A70.o 0.t107eOL 04 0,l1IS74f *ý

aSP P . Dt0Pt(5, WAVELE.4IG'M 8060 3,9 - 4,P 101*51. LMISSIUNS * 908,7%

0. 0: ', 9 , £. 6'o~ Z'
0 0.l'! A r 4F o . 7 7 9A o 0.21469 A 0/ o.19?6hht 0/ 2.2Ž/FiPF.

10 V... 1-it VJ lett5 U,e I Pe~r 0 1 -r..tS'ott U I) U, 400/Aef A?

*15 o 2ait1i 7 0 0 .bit7lgAF 0 .39 A5 6 .It ~. bIl7t I IAS br0.6045 03

*30, K 30.00P6fiw15, WAtLe*,GTN HANDc 1.6 2.7 10TAL !MLSST,6A s 7Q6.57

--- 0.17600! 03 (1 Aselqr o73 0 1A0"11 ( 0 3 *97~c 0:60046'1F 03
p o.7t63Tr noe oi.14-O', "7 4,UA 02 frrl c.9i1b7L 62 0,2vau" F 0?

3 0.ili?iE 03 o.Acn~f 01 0.¶7?AP'fF U7 O.b507*! 00 0.1L0036F 02
a 0. Q . It. - - A. ... . ....... V..tUfB9 00
s 0. 0. 0. 0. IJOSOJE 03

ASP 1 S0@V .,UtGI01Est WQELENGTH F A N¶ 3.9 . i.i Itis. &*153S1i1-3 * 5 S6

I 0.Incr 01 s .?3 £0 2 L,11711, OS 0.3'-2'2L o.0 Q. 3V 0%QE0 1s
7 1 07*,,ohO r .9 0. IC6j',f *ý V. SAW, I, ' nO 1..'*O it Di5" 00

I 05373 I' 0.uSWs1 0? u.si5S'fl n/ n.03000t 0? 0,508,w 02a

a~~ 0. a. ,. 1,1 o 01
'. a o.0. 0. 0 n

9
j'f l

00(10I l.0 'F 0- .7- VI1:; r'c5 1 **i' */OP
Frpq~ 3.qr- Or, l.Ao mf1r.N5 * j0**ujIg aT/SY

ATIfr'0110t IN mllT "JrTl 5* inYMa 3

fpI!.. I ,6To .27 j(*t'*5 * *5901ok) th/Sr
36110 lA 707 Q.60 pllC&IN.1N 100137',9T *I/ST
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PTRHEP TEST PRnSLBM 5
HOT PARTS S1IPPRESSI3N . .. CS

CASE 10

.PI ... -REPXrEMSrION STUDY--- --

ELEVATION ANGLE= 0, 0LGREES
ASPECT ANGLE 0 O; DEGREES

RANGE m 50000.'00 FEET

PLUME IR TOT-LS

FROM 1;80 To 2.70 MICRONS = 0,0031 WT/ST
FROM 3.90 TO '.80 MICRONS a o,1129 WT/ST

ATTENUATED HOT PARTS IR TnTALS

FR POM H,80 TQo ...2.70. I 3O. 07 .... T/-ST
FROM 3.90 TO 4.80 mICRnNS i97,2006 !T/ST

PIREP TEST PROBLEM 5
CASE 11

-....... PIREP EXTENSION STUDY

ELEVATION ANGLE= O. nEGREES
-.... ASPECT RATIO = 1.00 ......

ASPECT ANGLE a 30.00 DEGREES
RANGF 0 0. FEFT

PLUME IR TOTALS

.FRrIM 1 L8 0 TO 2.70 MICRONS = 8,3t32 WToST
FPOm 3.90 To .o80 MICRONS 2 174,6405 WT/ST

ATTENUATED HOT PARTS IR TOTALS

FRnm 1;80 T) 2.70 MICRONS z 746,3737 WT/ST
FROM 3.q9 T) 4.80 MICRONS a 558.603 UT/ST

II



PIREP TEST PPrOHLEM 5
.•OT pARTS 3UPPRESSION II

P I REPI-EXATES IQN.3.-STODY_

ELEVATION ANGLEs 0, DEGREES
. ASPECT RATI.U_ ..... 1.00 ....

ASPECT ANGLE a 30.00 DEGREE-
RANGE = 50000.00 FEET

PLUME IR TOTALS

F ROWM-ja6 i i8O TQ24_,0 M, ICR ON S_ -- 0.0176 UT/ST
FROM 3,90 TO 4,80 MICRONS = 0,6479 WT/ST

ATTENUATED HOT PART: ITF TnTALS

FROM 1:80 TO 2.70 MICRONS-= 157,3289 WT/ST
FROM .9QO TO 4,80 MICRONS = 182,7020 WT/ST

PIREP TEST PROBLEM 5
- --- hOT PARTS _SUPPRESSLON L -___

CASE 13

PIREP__EXTENSICLNSTUDY . ..

ELEVATION ANGLE2 0. OEGREES

ASPECT ANGLE m O. DEGRFES
RANGE a 0. FEET

EXTENDED HOT PARTS GEOMETRY

EXHAUST SURFA•CE. -COORDIN!ATE [E-_I.N .

o0 30.00 50.00 70.00
* • 20.00. 20.00 .- 13-,D5 14t.b_..60----------

.ENTERBODY 0:ORDINATE5,IN.L. ..
O,41 10.00

10,00 O.

A-51
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SySTEM INTERNAL VIEW FACTORS

U( it 1)s h.s026!. F( 1o )O 0050261
C( if 2)a 0,20569 F( 2F 1)3 0ý5272
o( li 3)m 0.02801 F( 3p 1): 0406060

F( 1t O)N 0,08I32 F( 41 1)3 0715447
F( 1t S)I 0,18228 F( 51 1), Q,929184
P( If 6)p 6.01707 F( 6b 1)a Oe09b11

AREA( I)m 7 64%91 BU, IN,

F( 20 1)a 0.35272 F( 1 2): 00U0569
F( 2p 2)a 0,41534 F( 2p 2): O.U1534
F( 2a 3)v 0.11155 CF( 3r 2)m 0,14326
F( 2# 4)8 0,032R9 F( 4, 2)w 6,160t7
Ft 2# 5)s 0.07807 F( 5, 2)z 0018211
F( ?p 6). 0,020A6 F( 6, 2)n Ou6847

AREA( 2)8 21c8940 50, IN,

F( 3, 1)m 0.06060 F( 1: 3): 0.u2801

P( 3, 2). 0014326 F( 2 3): 0.11355
F( 3o 3) 09.54462 F( 3v 3)z 0.'0482
F( 3p 4)8 O00373. F( 4o 3)3 6,U1463
F( 3, S)* 6.01039 F( S, 3). 0,51922
F( 3v O)N 0,31613 F( 60 3)3x 0.2781

AREA( ]IN 1742.51 S8, IN,

F( 4o 1)8 0,71547 F( 1t 4)z 0U8432
F( 48 2). 0,16277 r( 20 4)x 0, 0iz
F( 4 o 3)m 09014163 C3, 4)m O,037 3
PC S, I*)w 0, 4( 4. )8 0.
F( 4. )5 0 , 0 7 8 2 q FC 5, 4): Ou3b9o
P( 4, 6)w 0,02894 P( 6, 4). 6 o•i20

AREA( 4)w 444'2' 80, IN,

PC So 1)@ 0,72914 F( to 5)a 0,16228
PC 5s 2)w 0.18211 F( 2o S):). u7607
r( So 3)w 0.01922 PC 3. 5)3 0 01039

F( St 4)m 0,03690 F( 4, 5). 0,07629

F( S 5). 0. F( So 5w 0.-

F( S 6)v 0.03411 F( 6 e S)m OU4S01
AREA( 5) 942,48 839 Na,

F( 6v )a) •,0096P F( it 6)0 00U1707
lec be 2)8 6,06847 FC 2, 6)3 OOO26
F( 6p 3)a o.62T11 F( 3, )' 0,11813
F( be 4)* 4,01920 F( 4, 6)M 0,02694

%)a n .(nAA'nt F( A Ir A11 -"4si
P.C 6, 6). 0. P 6, 6)v 0

AREA( 6)w 6&9 • 80, 669

A-52



EXHAUST NqOT PART! 3MPu?/OUfPUT

NUMIP TEMPERATURE FftfjjfCEO AREAO (111) AT EACIH ASPECT ANGLE

1 1005.1 of J76.0
a..- . 1360.0 -- 00 16.6 . . ~
3 1100.0 016A. sit.&
4 116090 Y,313. 0.

WIDE AREA pPIC ;FLECIED RADROSIRY CUMULAIVf
EMISSIONS EMISSION$d g"IMSaJUN.

- -(BO.INCES).(NATSIS/SEkIAIAH)

aU D* aCRCr, WAVELENGTH BlAND Ise I'1. TOTAL EMISSIUNS v 1l36.9u

I 0 I . 0- I.1b:701 03

0.ISB 1 01119

WAVE EN ~ M 3 9 4 1 U A

0 .216O@V 03 0:.1oyI' 03 OISqwf'E 0 10.102031 03 IJ.OOMAIF 04

As 0. 9ER~ , 0,EENT BAD 30. 4.4d?UIAL 043JN3 94b

: 0.G. 0 0. UJ1lOui9T 01

4 0.3111911 #1 O01?A~ 03 OR 1743E 03 0.Z1,32it 003 4.4iol30[ 0R

1 @.216779 0* G.,61171 1 .3 .3810056 *o 0.691175 o3 6,664ato 03

2 9.176601 03 , ,0IaI*I 02 80.1iSE 0. 9.61031~ 03 U.08441Fu 03

4 0, 0 0 0. ý.d20isl 00
1 0. 0. 0:. O.104uLC 03

4 .' 0: O 0: 0. 00901 OilNSU 13690*

FROM 1.90 10 :.Go MICRON@ A WI/017 TU



"PIREP TEST POfRLEm 5

HOT PARTS SLtppRESSfON 1I
CASE 1"

PIREP EXTENSION ST110Y

ELEVATION ANGLEG 0. DEGREES
ASPECT RATIO a hvo0
ASPECT ANGLE a Of DEGRFES
RANGE * o000ooO FEET

PLUME IR TOTALS

FROM 1.80 TO 2,yo MICRONS s 0,0031 WT'ST
FROM 3,40 TO 4,60 MICRONS a 0.1129 rtcIT

ATTENUATED HnT PARTS IR TnTALS

FROM 1,s0 TO 2:,f MICRONS S 304,8656 WT/bT
FROM 3,90 TO 4.eg MICRONS 3 29T,1722 Wl/bT

PIREP TEST PROBLEM S
HOT PARTS SlJpPRESSTON 11

CASE 1"

PIREP EXTENSION STUDY

ELEVATION ANGLE* 0, DEGRtES
ASPECT RATIO a 1.00
ASPECT ANGLE s 30,00 DEGREES

RANGE 0 09 FEET

PLUME IR TnTALS

FROM 1.80 TO ?.Wo MICRUNS * 8,:132 WT/3T
FROM 3.90 TO 4,0AO MICRONS a 174T6405 WT/ST

ATYENUATED NOT PARTS IR TnTALS

FROM 1,80 To 2,?o A4ICRONS v 746,0909! T/BT
FROM 3,90 TO 4,0o MICRONS M S58,4434 Wf/UT
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PIREP TEST PAOSLEM 5
HOT PART3 SUppRESSION I1

CASE 1b

PIREP FXT;NSIJN STUtDY

ELEVATION ANGLEw 0, DEGREES
ASPECT RATIO a 1.00
ASPECT AN6LE a 30.00 DEGREES
RANGE u qooooeo0 FEET

PLUME IR TOTALS

FROM 1,80 To 2 ,10 MICRONS 8 0,0176 VT/ST
FROM 3.QO TO 4 ,go MICRONS = 0,6479 WT/ST

ATTENUATED HOT PARTS IR TnTALS

FROM 1,40 TO 2*lo MIC-RONS 8 157,2692 WT/VT
FROM 3,90 TO 4,go MICRONS w 182,634 WT/ST

PIREP TEST PRpnLEM 5
. HLP.ARTSLaPPiESSI.O -I.

CASE t?

PIREP EXTENSION-STUDY

ELEVATION ANGLF= 0. rEGREES
ASPECT RAT.IO = i.00..
ASPECT ANGLE = 0. EnREES
RANG= 0. FEET

EXTEND)D HP)T PARTS GýGMFTPY

FXHAUST SURFACE COORDIMATES. IN.

Oo 50,00 /0.00

20*00 23.0 1'4.60

CENTEROOny C(JORDINATESIN./
0. 30.00 50,00 70,00

10.00 10.00 2n.00 0.
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lyITE" INTERUNAL VIEW FACTORS

)a 6 4I* 3 .44016 PC 1. [in 0*664)mg
a' ), la G.*0j*4 P U, I. u~oosa

C ,3)w 0.22935 7( 0.19j )5759
PC IN 0).267 4.s' C I)m .1~m9Fq
C . 0. 1# 5, fl 0.

It I .165PC 6, I)s o*.1011
7( j *,30.00673PC 7, 1)s *)7

AREA( I). 70a1.a9 g* so.IN
- E PC )a 0.101124PC 1, Z)a .30PC 2 a,) 0. o.,i1o PC 1, 23M o21116
Pt 8. i)v 0.0083A, PC 3, ala 6,V1496

* it 1.. 63. 0.02969 PC, as Z)v 9~3.PC 2. Sbw 0.41502 PC so 2):0lowPC at. ) 6,.061 F*~~aP, lbePi.72 .11491 PC yo72, 40V6,,49~o
AREA(J ab J16111177 so. IN

Pi 3. 1)" o6547% VC. to, 3)4 @.-12931_PC ]IF &IN @.01406 PC 'j. 3). 0,460650
PC 311 J)" a, PC 3, ]IN a ,
PC 3# ) 0~.009&1 F( a. Do 0)u -0u674

Pt 5, 6)8 0.12331 PC * 3)0 . 4169Y

il .- [)a, 0b. 0966S Pc 1. 6)4 0 996179 -PC 4, 2P)m 0.03742 PC at AIR 0,ujeogPC , l 6. 0vy F) 4,~ 30 41, 623 0.OII
PC 4, ') g* F( 4. 40 0.,
PC 4, p3 )w PC t5, 4)m 6.
of 46, )v a.03119 PC 4, AIR 0.06410

-PC 4. 72) . F, ( 7. 4)m ,
AREA( 62d3 107s64 EQ. IN.

Pgg 2 .PC S. l)e 0,
Wj , S: a. 6.70986 Pt a 5)3 0."vioa

PC S, AIR). le t 4, 5)30So SIM 5) . S C5 )( Off0) 0. PC 0. SIR 0.
PC s. 13s o.o0b6a PA 7, 3ie 6b.M4611OMEAC S). 1777?15 SQ. IN.

F 1 L- 12. 0.33195 FC 4,~s08 1.2b45F( b 12.) o010qq PC ft ). ,!9
0,( , 3)9 .a[6) PC 3, 0)a 0,12131

F PI do 16) 0.00146u FC 6, AIR 9.j3d59
PC %)- 0. ýf IE 5, 0)v a.
PC 60 A)IN* Pf 0, 6)n 0.
PC 4. 733s* PC Y, &IN 0.

ARE(4 A23 1071.io SO9I.
PC 7. 1 - 6.04uu Pt 1, 7)9 0,6u67
PC 7, a. 0.So PC1,73 . 34
PC if 3,o. F( 3, 7)a 0*
FE [ AIM 6).*.Ft 46, ?)- 0,
PC 7, SIR 0.44l24 P( :, 7). 4:16,26

P7, 0). F4 it Ile 16.
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t( WA USTI ',d PAR TS I %PL r/rnjTPPiI

1.801 lt-P"P!Atilfu pQtJFCf', £14A15k A (IN?! IjT F ACr, OPEC T A NrL
W0481.tR ( H 0. 30e. a. -

I S4@ 0. 13,t1"3 ?OAo o . 0.

4 ?OlvCA,0 0. o.
; 00.Ao 94 7%aA446. 9
& 18.0 0. 0.,

KCDE 4
1
11A .Z* RAMS o~t' ttcY a~fTy - CUMULATIVE

EMISSIONS L"qNIUa &MISSIONS
IfS0.INCMfiSI (WATTS/S'itPuINI

ASP * 0. rtC~r(5, hAv~trWbGTl4 hANO 1,8 2,7 MItt L"ISSIU-.S * IAlbi,30

0. 141A10. 02

a 0 0*@~0: 0:
4 .VOsbefal @ : 0724,P 0' 4 26I 03 Q.IajIlt- 0" 'O.1anjxr 04

.0. -0.. C..0-. 0.

--- Asp 1 0.- OLGftFS. 
8
WAVfELNGTH BAND. 13.9 *4.8 __.1UTAL EMISSIO0NS 1231-

12 0. 0. 0. -0*9oOE0

21 97i&fa 0. 1te -4 P 1.--------------lol -- 01 .0. 11 0.R'Lor o2

6 0. 0. D. 0. 0

ASP a 3O.@C0CR1OF5S, 
4
*v1LINCH 5A14D 3.5 2,7 i01-L EmISSICAS * 047421

O .,0a3&if Oz @.?1S51[ 01 0;14?3u1 03 e.378t 01TE6 0.117401! @3
0 .33107t *2 O.bQ7s2r 01 0, 1722nf 02 O.?iOQ91c 02 L,llTcib( 02

) 0. 0. 0, 0. C~,'TJ.91 0.?
I 0. 0. 0. 0. a "a 0f?PZE 0Ž

S 0.44602F 03 o.I09of20 gA a.AooSftf *a o.II7,?%t go 0*Ils?h 04
6 0.a. 0. 0. 0'1,CNPU

ASP 30.Q00T)ICIf 5. WhY&L9PjCTH RAND 3.9 . 416 T[OTAL t'-ISITONS I 2 .0 214

1 a.IfloF 02* .~S "I IJ,IIO%1# 02 Q2?43Q7tt3 a? U.6A4RT 021
I 0 I 0. .0 .1 , ? 2 0.2,0 UISnAf 02 1

S O.460@2f0@3 701lo5?t 01 Q'8R1125F 01 0.191641 us 0:7.7Sobt ?I
A 0. 0. 0. 0. 0 0~OE' cz

PCUrI IR TOTALS - -- - ------

FPROM 3.90 TO 4.8t, MICPO'i3 - 30.4410 -V/UT -

AITVNLJATED HOtT PARTS DI' TiAleS
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PIREP TEST PROBLEM 5
*' HOT PARTS SUPPRESSION 11

CASE 18

PIREP EXTENSION STUDY

ELEVATION ANGLE. 0, DEGRECS
ASPECT RATIO a 1.00
ASPECT ANGLE a 0. DEGREES
RANGE * 50000.00 FEET

PLUME IR TOTALS

FROM 1,80 TO 2.o MICRONS 0 0,0031 WT/ST
FROM 3.90 TO 4 .po MICRONS c ,,1I29 WTt/T

ATTENUATED HnT PARYS IR TrITALS

FRO4 1,80 TO 2,0o MICRONS 0 560,0208 WT/ST
FROM 3900 TO 40&0 MICRONS i 5b0,4628 WT/lT

PIREP TEST PRORLEM 5
HOT PARTS SUpPRESSION II

CASE 1I

PIREF EXTENSION STI'J0

ELEVATION ANGLE. 0, DEGREES
ASPECT RATIO a 1.00
ASPECT ANGLE a 30.00 nEGREES

RANGE 0 O0 FEET

PLUME IR TOTALS

FROM isO TO 2,0 MICRONS a 8,3i32 WT/ST
FROm 3,90 TO 4,10 MIcRnNS a 1?UQ610S WT/ST

ATTENUATED HnT PARTS IR TOTALS

FROM 1.80 TU 2,70 MICRONS 0 2016,0279 WT/BT
FROM 3q90 TO I, 8 0  MICRONS a 1313,7351 WT/bT
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PIREP TEST P~nBLEM 5

CASE 2U1

PIREP EXTENSDIN STUDY

ELEVATION ANGLED 0, DEGREES
ASPECT RATIO n 1.00
A3PfdT ANGLF x 30,00 DEGRtES
RANGE * 50000,00 FEET

PLUME IR TOTALS

FROM !,,80 TO 2Z.TO ICRONS x 0,0176 W'TIST
FRaN 3,90 TO 4.go MICRON$ 8 0,6479 WT/ST

ATTENUATED nOT PARTS IR TnTALS

FROM 1.80 TO 2,ya MICRONS a 4Z5,'550 WT/bT
FROM 3,90 Tn 4,p MICRONS x 42Z9,64~6 Wt/8T

PIREP TEST PprP8jEH 5
HOT PARTS Sn!PPREqSmrN AE2

PIREP EXTENSION STUDY

FLEVATI(ON ANGLF= 0. PEGRFES
ASPECT RATTO. 1.00
ASPECT ANU-LE 0. DEGREES
RANGE 0. FEEt

EXTENDFD t-iOf PART3 c;FuM'FTRY

EXHAUST SURFACE COORDIXNATES# IN,

0, 501ý6, 70,00
20.00 23.M0 1L6

CENTERBODY C0OR0.Ii4ATESIlN./
0, 30*0O, s0.ou 70.00

10,00 10.001 20.00 0.
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SygTM11 ITERCNAL VIEW FACTORS
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EXHAUST WIT P0110 IMPUT/oJPUT~u

knflr T'mopATLRPr PflJ(tP AREAB (INN) AT IEAC ASPELf ANCLE
NJiigata (0) * 0 * 30.0

* 6 #logo$ 0. 0.
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00,t0 0567 0 2 04300 *3 ,a1uef 02
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0. 0, 0.d U.i201
6,0 0. -,7 u 01

0, 0, 0.108 03

Asp a 30.60DEapfro, WAVELENGTH @ANi0 3.6 - 2.7 TUWAL. EML5SIUNI 44.1

1 094342119 @2 0029 13[ 03 OIL14029E 03 0.16462t 03 $J.1I0"AE OS
I 0.33291 09t U 6S39F 03 0 933701 03 0ýI3S41I 01 0,32301F OR

0.@ 0, 0. 0.de,236E *a
0 0. 0 ,0. U. )11.0*E 01
5 0.44692C as 010S0o"9E 02 10,524239 02 0.637111 02 O.3IS59F OR
4 0, 0. 0, o. OO e OR

Asp * 10.P00CECRF0 S, WAVELENGTH. RAND 3,9 . 4.0 TUVAL EMISSIUN3 306.b,%

O'32l02 6F83g0 ~S00 02 0.13?7th 03 v.eIoo51[ 03
0.3Z4 92 of3~ 2 0,0tE0 0.211371 0R 0.bwv3 OR 0
0,s0,0 0., II9 "k 02
4, 0. .1 0 .,:zIEO*,041372( at 0.74d3 on3.7r00446022 *C0S~ 03 S.I87464 63 604641Ei 94

* . 9. 04; 10040EU~ 01

PRLUpE g1 TInTAL$

FROM 1,00 To1 2,35 m11R0114 v 1.481 WT/vT
Prxw 3.90 To 4,40 HICROPJS v 30,0430 NT/3T

ATIINUAITD Hn? PARTS I0 Tc)TALS

YN~ 1.60 TOlo 1.0mICRONS 4 101,e004 MT/Si
FAC! 3.91 TO @So~ MICRON$ a S.~a ~O
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PIREP TEST POnBLEM 5
HOT PARTS SUPPRESSION 11 CASE 2e

PIREP EXTENSION STUDY

ELEVATION ANGLED 0, DEGREES
ASPECT RATIn v 1000
ASPECT ANGLE a o" DEGpFES
RANGE U 50000o•0 FEET

PLUME IR TOTALS

FROM 1,80 TO Zo MICRON$ a 0.0031 WT/3T
FROM 3,90 TO 4,80 MILRONS m 0,i1a9 WT/5T

ATTENUATED HOT PrýRTS IR TnTALS

FROM 1,sO TO 2,40 MICRONS • 20,5016 WT/bT
FROM 3,101TO 4@e6 MICRON8 * 6b60237 Wt/bT

PIREP TEST PRnBLEM 5
HOT PARTS SUOPRESSION It

P!RFP EXTEP13I$N STuDy =

ELEVATION ANGLr 0, DEGREES
ASPECT RATIO x Ioo
ASPECT ANGLE m 30,00 DEGftE8
RANGt s 0. FEET

PLUmE IR TOTALS

FROM 1,80 TO 2,#o MICRONS a 863132 WT/IT
FROM 3,90 TO 4,8o MICRONS a 174,640 WT/IT

ATTENUATED HnT PARTS IR rnTAIS

FROM 1..- TO Z.Vo0 HICkRLJS a 49,177 WJ/5T
Fogm -7q. TO 4,6o MiCROr.5 386,15?3 wT/ST

A-62
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PIREP TEST PROBLEM 5
HOT aARTS SUrpRESSION A1

: CASE 24

PIREP EXTENSION STUDY

ELEVATION ANGLEN 0, DEGRFES
ASPECT RATIO a 1.00
ASPECT AN6LE a 30,00 DEGRtES
IANGE 5 5000090 FEEY

PLUME IR TOTALS

FROM 1 TO 2,yo MICRONS m 0.017b WT/3T
FROM .7,9 Tn 4,0o ,'ICRON3 8 0,6h79 0t18T

tTTiNUATED HrT PARIS IR TnTALS

FROm 1,60 TO T .,0 MICRONS q94,4395 WT/UT
r•Onm 3,90 TO #,go MICRONS m 126.2896 WTIST

CASE 25

. PIREP. EXrUNSION STUDY- .

ELEVATION ANGLES n. DEGREES
ASPECT RATIO.= 1.OO
ASPECT ANULE 0 O. DEGREES
PANGF G. FEET

EXT, NnFI) HOT PARTS (tFyI1FTRY

F X AUST SUP.FA CECOLRD INA TE5, ES - .N.

0. 5n,00 70,00
20,00- Z3-e0 tM.6Q

CENTEP0o0Y COaRDInAJESTN./
n. 30.00 50.00 70,n0
lo.00 ?0 o0 0,

-63 ' '•31
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lITIMr ?INmM&L VIEW PACTuRS
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PIREP TEST PORLEM 5
HOT PARTS SUpPRESSTON II

CASE 2b

PIREP EXTENSION STUDY

ELEVATION ANGLEM 0, DEGREES
ASPECT RATIO a 1000
ASPECT ANGLE a 0. DEGREES
RANGE 5 50000.00 FEET

PLUME IR TOTALS

FROM 1ogo TO 2,10 MICRONS * 090U31 WT/bT
FROM 3,90 If) ',.0 MICRONS * 01129 Wt/bT

ATTMNUATED HOT PARTS IR TOTALS

FROM 1,80 TO 2.3O MICRONS a 13,7402 WT/ST
FROM 3.90 TO 4,9o MICRON$ • 4,84099 WT/*T

PIREP TEST PROBLEM S

MOT PARTS sUppRESSTmN II
CASE 2r

PIREP EXTENSION STUDY

ELEVATION ANGLE. 0, DEGRfeF
ASPECT RATIO a l1o0
ASPECT ANGLE m 30.00 DkGREES
RANGt 0 0. FEET

PLUME JR TOTAL&

FROM 1,0 TO 2.to MICRONS a 8.3132 wT/3T
FROM 3,90 TO 4,0o MICRONS a 174,6405 W'T/3T

ATTtNUATED HOT PARTS IR TOTALS

FROM ,AD TB 2,0a MICRON8 v 20,900o8 WT/8T
FROM 3qO TO 4.46 MICRONS 6 341.2573 WT/!T

A-66



PIREP TEST PROBLEM 5

HOT PARTS SUPPRESSION S1
CASE 28

PIREP EXTENSION STUDY

ELEVATION ANGLEB O, DEGRtES

ASPECT RATIO a 1.00
ASPECT ANGLE a 30.00 DEGpREE
PANGE 8 50000.00 FEET

PLUME IR TOTAL$

FROM 1,BO To 2,to MICRONS • 0,0176 MTY/T

FROM 3,90 TO 4,po MICRONS U 0,6479 WT/ST

ATTENUATED HOT PARTS IR TOTALS

FROM 1,0 TO 2,jo MICRONS a 88,0950 1O/5T

FROM 3.90 TO ,80o MICRONS x lle054 WT/ST

PIRFP TFST PRnRLEM S
HOT fARTS SI pPRFSsInN II

CASE ?9

PIRLP EXTCNSIONJ STUDY

ELEVATION ANGLFw 0. nEGREES

__ ASPECT RATIU z 1,O
ASPECT ANGLE a A. nEGREES

RANGE z o. FEFT

EXTFNnFD HOT PARTS GEOMETRY

.�UL.ILY 0ib6rAr nnnfnTUATFA. TN-

0, s5.00 70.*0
20,00 23.00 1'1ho

CENTERRUDY COOURL1!ATFSt iNs/
- 350.0O 7n.i)0

10600 ,0 ,00 2000 O.

A--b 7
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PIREP TEST PROBLEM 5
HOT PARTS SUppRESSION i1 CAE U

PIREP EXTENSION SjUDY

LEVATZON ANGLER 0 DEGREES
SPECT RATIO m |*&0

ASPECT ANGLE a 0, DEGREE
RANGf • 50000.00 FEET

PLUME IR TOTALS

FROM 1.80 TO 2,yo MICRONS a 0,0031 WT/bT
FROM 3.90 TO 4,po MICRONS v 0.1129 Wt/ST

kTTENUATED'HnT PARTS IR TnTALS

FROM 1.80 TO 2.0b MICRONS a 4,9254 WT/ST
FROM 3.90 TO 4.so MICRONS a M.057b WT/fT

PIREP 7EST PROBLEM 5
HOT PARTS SUPPRESSION It

CASE 31

PIREP EXTENSION STUDY

ELEVATION ANGLER 0, DEGorES
ASPECT RATIO a 1.00
ASPECT ANGLE a 30.00 DEGREES
RANGE r 0. FEET

PLUME IR TOTALS

FROM 1,60 TO i.jd MICRONS a 803132 WT/3T
WROM 3e.O TO 4,6o MICRONS a 1?4.6405 Wt/3T

ATTENUATED HOT PARTS IR TOTALS

FROM 1,00 To 2,;- M, MY NS P 388,0783 WT/IT
FprJM 3,90 TO" 40 PC 1RONI t 330,7339 WT/IT
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PTREP TE'ST PprRLE'4 S
HOT PARTS SUpOPE531ON 11

CASE 3d~

PIREP EXTENsrION STUDY

ELEVATION ANGLE. 0, DEGopES
ASPECT RATIO a 1000
ASPftT ANGLE a 30,00 DEGR[EE
RANGF 9 ;0000.o0 FEET

PLUME IR TOTALS
FROm 1,60 TO 2,oT MICRONS 0 0,0176 IwT/ST

FRflt 3.9o To 4.80 MICRONS 8 0,6479q WTIST

ATT fNUATED NOT PARTS IN TnTALS

FROm 1.:0 TO 2.0MICRONS a 81,7324 WT/8T
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PyRPF TFST PRr)RLEF 6
SPE(TPAL S16tATllHF A?'d LotrK AJ

CASE

**PIREP OUtTPUT PA--

T7 138A~oGo Ts 2008,00
ps 56oA2 - ASi -5341.60

PAM13 141,70 Km 1,~00
VC19 0. ALT 0,

___ AR 4)0101

- IH INDIJCES- --

PLUME ~ t7 349%

HOT PT5 2010. 1298.

MISSILE PARAMFTERS

___NO. WAYELENGH BAWP 8YIVT-------NEI_- ~S/N

(MICR~ONS) (WiATTS/CM**2)

1 1.80 -.700) 1.0 0oaoooE-o9 .

2 3:qo -oaqO 1.0 0.'4000EwdO 0.7

A- 71



P7 'FP TF'5T Ppil F H h
.9PtýrTRAI S ItNAITHW AND) J.C1CMON

CASE I

- PIREP ExtLhNSTUtl STUDY

ELEVATION ANGLEs 0. flEGPFES
-ASPECT RATIo) 1.00

A3PECT ANGLL = 00 nEnREES
RANGE a 5000.oO FE.FT

519.0000 l.0oon n. 0uo~no

AVERAGE PLUmF/ATMOSPHERF TRANSMISSJVITY

FROM 1,.R0 TO 2.'70 MIrRnNS x 0 7257 wT/SR
FROM 3.90 To 4,9 MICRONS Z 0,56A6 wT/SR

PLUM4E IR TOTALS

FROM i.so Tl 2.'70 MICRONS = 0.0237 WT/SR
FROM 3. .90 To 'J.eo MICRONJS x 1,2522 MT/SR

EXTEINDED HOT PARTS GEOMFTRY

-EXHAUST SURFACE CO)ORDlNATESt N

9. o.00 70.00
A Ano 2a al ~in &Af- -

CENTERBODY COORDINATESiaN,/ -_

So 3;lt~oo 50.00 70J.00
10600 10.00 2O0,00 .
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PC~g F(. 60 vaC7 )t .4
f;IAI 53. 177-f:5 got IN.

I( u . 0) 3103aq . PfC 1, 63 0,ug26i
PC 6 aI G 0.10369 PC 'i, * 0 U1iJ'

60_ 14, 41 *os8 PC 406,)x .4Q*.JN,
00 S* a FA* 5, *c,. o,-

4 , 7 1 a ~~7 0 .f I ; r a 0 ,4PtAC O)n I107t._44 N
Q) .04976P 41) *'g7PC To 118 '0.45565 PC i .3iq

PC 7. 33.a 6.42 
PC 3, 7). 0
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EXHAUST1 NOT7 comI INPUT. JUIPUT

Nonr TtMPVrAYURF OpnfjgCygo AREAI (1941) AT lAr" A.elLf AMOSLI
NUMDER (RI 0,6* 0.0

it life.$ 0. a 63 , 0'1
1048. of 0, 0.

144.0. 0.1 *
-. i lie.. 709.7 446.4 :4.6

9: Et@. .- * *0.

NAiS AREA DIRECT RPFLECTID RAPIOSIIV CUMULA1ZVt

(IOLJNwES), PfIlstfOMS EAI5IONS

ASP * 0. oliRffor WAVELENGTH BAND 1.0 - 3.7 TUTAL IMIASIJIUM 66.69

0.0, 0 0.. 9 5l'il[ 02
I .. 0*3!fl'! 01

- -. - G.?g9o~l at

9,0 . I 09 D. a.b t S

Asp 0 0.' 0OtGREE, WAVELI~iO7N @AND 3,9 . 0.0 TUIAL EMIS~IONN a 146,01

0 S 0.16210E OR

0, al 91 odi.i a
0. 0: . 0.476591 Al

0.19iS66 03 09 qiO fOR 62 .S74341 02 0.1U60it 03 0.9.023 02
0.----.-* . 0. 0.44776t at

Alpa * lit. ~ -'ýLLCiNrTH *ANk.1. . 2. TOA E MZISSIONS - 410009

0*1 ;2~t 4~'iiel~3JI @3 *01@0941 03 0.3,6027t 031 0,31000b1 a 3
v 4:.I1p9q1 a3 O'At1 3@E 00 1 asBsle @1 0.941001 01 0:40; it 01

a * o *.0.0,26236t 02
0 0 0. 00. 0.3406t 02

* 0.44,oU @3 :"i1089t *a 6.31346t OR 0.1223st OR 0.Il559oE OR
0' 04* o, 0.)5131E OR

Asp 2 3@*OeDIGN~fgu WAVELtAGTH @AND 3.9 . 4.6 TUIAL I1M53lJ1UHR 341,ib.

I 0.911832C *a *i0 3 @ 194E 02 0.23660 0 3 0,1Q9051 01
3 0,3329fl @2 0 2%:,f :13 0,008334C 01 0.,1090:1 02 0.&ilzul 02

0,al 0. 0.1bo944I OR
d 0. 0 *0. 5.91621E 0R

p 0.446921 :3 0,17721T OR 0. 313749 oil 0.937401L OR 6.609021! 02

ASP a 60,OoOYGPEFS, WAMYELNGTH BAND Ie's - 27 TUVI'L. 1sx~ 01.21

0.264131 @3 @0'1464 1E 01 68644F O 02 079i201 o 0.77785F 01
0 . 0, 0, 0. 0.5bi-E 01

4 0. 00' 0, 0.01q 02
q 0.6436111 cz Q0 -5!3Qr 03 0:65281t 01 0:6101t 01 6.016t1? (T1
6 0. 0. 0, 0. 12026F 02

%of, 6 0.O06DCREFg, OIAVFLLNGd07 SAND 3.9 - 4.6 TOTAL I1M13310134 P 160.71

9.216fi31 a] 04I*SI as ::51016E *a O.87itjk 0.1 5:604631 a.,
01 0109dEC

4 0, 0. *. *. Waito oa

4771W MI1D NOT PAPTO IN TOTALS

FROM 3.00 to 2:01 MICO;P00 * fl.7)q "wjUT
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P I FP Tf S T P~It

CASE

PIREP ErLNS~l0N STUDPY

ELEVATION ANGLFm n.* nEGREES
- A30ECT RATIO1 z I , ni)

ASPECT ANGLE x; n, DEGpEEs
IRANGF g Spoo~O.Q' FEIET

AVE.RAGE PLUMF/ATH(ISPH4FRE TrqANS,4ISSIVITY

FRnk t.*80 Ti) 2,70l MTrRnNS O ,2701v WT/SR
FROlM 3.-90 TOj £I,8f MICRONS 2 0,2J4Q8 "T/SR

PLUME IR TOTALS

-- ROm 1'80n Tu 2.70 mT~nN8 z 0,0031~ WT/SR
PROM 3.190 TO 4,90 MICQONS z 0,1129 vT/SR

A-) h



WAVFLENT;, 17-IAC 
-ONM3SV WAVEUNPGTH IARtAnIANCIE T*i i$wi3SrVoyy

i*'ni 0.000Z 0.PI5 Z.64000*o7
C'ao 0 -,Q4os 0 8 2.o66O 0.0151 0.23111

1A,0 0.0003 O.a019 2.6800 0.0000 0.00000.~I0.2194 2.7000 0.0000 0.00000.0ofm Q.,2160 3.9o00 0.0000 063

0.0~ .oomq 0.2190 4.0u'oo 000P 0.117830.0n0.2i1l .3O0 - O~oono0.00ol6 0.1?%12 4.-, -0.O69
0.0(3 03~2 4.2000.00ro 0.201h-- .OvD3 0.1;110 0.tz00 0.0000

1.OVA 0.0,0,3 0.o%17 0.140 OO12.rP~ 0. 0e Q339 - -4.13oo - 0.0000 0.3071S

2."o .POC2 0.3139 4.1500 0.0000 014
0.0001 0.3113 11.1609 0.I063. 0.8004

(100 j.511?9 4.1000 0.00M3 o0o001'

1.00C 0.C000 0qI0.20 4.1900 0.000fl 0.-00002. lý0 0.0~ OvQ.3431 A_ - 70*200 - 0ono0o2 '000 -n.0000 0*3-,37 0.2l1000
z.',Soo -0.qonq O.Whjj 4.2"S00 0

Ap 10.C 4 37613 '.3000 0.0000
--4f 1,0 0.3794 4.3250 0.0000 0.000.0oro 0.3^31 .3ý00 0on0000co0.0000 0, 3ml0 4,75 0o0-0060,002."100.0003 0.3q331 - 4.'10900 0 0.orioo

A200 0.0011 0.:00 V02o U0.,000
.4;

0
00 0.00"A~ 0. 3047. 0.0'QOO00o5

0.001F5 0. E,79 0.4,500 0O083 0006
2.to noT? 0.31'.9 d.1%000 0.0630

0~le .2095 4.!iŽ50 1.1537 0,if:&I

O.Aloa 0.2tI23--uo 0.01 I 0.2Ž1.,3 q___ --- '.5,50 - U3S 01¶A
1.00 St0l( 6.99 4.6000 0.1217 0.3 'PA6

Pbu DJ 0.14130 4.1000 0.9cb QQSt

01A 0 . I M 4.6000 0~3? 0.41090

ATFUTF Hi,.T PAFT3 IR 1,;AL.5

1 .010 To ?,?o HICir)Ns . ?2,' WT/ST
PS~n. 3.00 TO 4.80 PIJCwnN$4 - 16.97hp '4T/97

A --



PIPFP TFsr P;-ii~fli -~

qPtrTPAL S1ri,ATWIf- ANIl) 1.11UN0pj

CASE

- PLREP EXTLNS!ON STUDY

EUFVATIUW AtlrL~s 0. A)EGREES
ASP'ECT HATTii a s A
ASPFrCY ANGLE v 3o.t;O !'W)r.RFF.
RAN6E rsoov FEET

AVERAGE PLIImF/ATMOSPHERE TRANSMISSIVITY

Vprpi1 i:11O 2,-~7(1 myr~rflS a 0 au',5 A'T4'sp
FROM 3.Qo T() a~ MICR(ThNS x fl,'i, oTISR

PLUM~E 10 TOTALS

FRnm 1480 Tfl 2 .70 MICRONS Z O, 31 3fI T /SP

FROM 3,4O TU 4,90 M~rRnNS a 7.163'i
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wAvrLINGTH I RNRA,,I A0 Wet TRNSl041361VI MA VFLIF CMGH lRQ*nAD .Cr TRANSM133 1Vi TV(,!C~w~ (W A T7/3 TER 00 1 fONi (MICRONSE) -- ("AT TO n1TFP/%slCft0 .)

1.8,00S 0.0073 0
,6,194 .9? 077Jfi.lof 0.9115 - .4092 0.018.

1 .4400 0.0169 0.791 0 -1S40 0 2 *0.737
1.4677 - - 349lq Q.O17t 0.0137

I-Root. 0.0077 3 n.7000* 0~ 0.0?57

0.Ž111 - 0.4079 3.0900 Q.0off 000o
0.02#.A 0.OiOl .100.0000 0.1.191o*Žp .7039 4.1090 *0.0000 G."a,1,.Sgg **g~ -0.093 4.__ 11.20 -0 @Go 0.6?19

1,0.0 0.l~ 0*4762110 *00030 0.7970

~oo o~o,; - .7e~ 0310 - 0.00@0 0.7.',1
2.bo0.0047 0.41 .1700 6O:3oely 0.70',3
1,Qa ,13ope70 t31 0,6816

?.~o 0.0om? 0164-8.00 _I' O~l4q 0.1004

0.0~0 -.640 - .?~o- .0006 0.0000
0.000 090114.lIo ..000 @.00000.0.30903 010 

0.0000 0.~0000
*~'? 17'00 l~oi *po4.3000 0.0000 0.0oou

a$bg0.0000 0.014C0 ..V00 0.90002j.1~, 0.7n1 0.09064*71 0,1601 0.0001
0.0012 0.9104 4.4900 1.8%00%
0 .0 0,%A 0.9010 4. 4150 2, 0000.0300 0.9064 4.0900 - 13.1 ftO7.3
0.0940 0.6927 4.0590 26.067 0.2S
4..0 .2363 0.6631 4.S600 SS.21Žvo

0 3 60.1 , 4 1 A . 0.? o~C .7 6 1 6
0.3.RS 0,7.6O 4.5500 i?,oioS 047,.Sco0.641 0.1100 - 4'57so 4.0o 7100J-60 .716Ž .01.09 4.6000 1.476: Q*N99"Zso OSn0.6%9a9 4.7000 1.6541 0,9499

?.0' .YZ0..048- 4.6009 8.439?

0.#.6,1. 4.0000 6.9302 0.9 0-35

AI7ENUAYI.O NnT PARTS 111 TnTALS
6

rpnm 21100 To 2.70 MNtCCINO 107.s4*3 WT~syFR? 3.9k. T(ý'l ~so MICROaNS 2 00.301* OT#57T



lCop cvi1kible to DflC dow nd
pand ily LDblibl. reproductlan

PT.RFP TFST PRflNLEM h
3PECTRAL SIGN~ATIMRE AND L'OCKON CASE '

-PIREP EETENSIUN STIJOY

fLFVATTON AHC;L1u 0. nr.RFS
ASV~rCT RATI'j=
A3PF.CT ANrLF. = Di.AfFI;WFfE3

RANGF a rjOO00j.'i'0 FýFT

AVERAGE PLUMEAT4OSP11CRE RlANSP4ISS1VITY

F.~nm4 18E To) 2.7o PTrRr1NS 2 0.30%2 WT/SR

Orny akiN. to DY C &WA II
Imma diav loyi i.n Kwur-i u~l kIIl



wAvfry m N D0~ jP4r~&,tq T ?A:SPI 5 tV I? TVAVFLINCT" 1RPAq1IANCF T A N10,119 31V 17Y
IC, I0'Ns~ .5AT /3T pq 1CP10l (MICR1ONS) (MA (W01S3?LP.'MIC~FlP

I.00 fin. 0.1517 2.6400 0,0*&@ 0 .341 i
Q.:e0o?4 0*,:7 z 66,0000na,01

0.0015 2:'65 .040 0JO 0.000
0.0, o1~ 17000 0000nf, 0.0000

5.4(50.0540.1613.90 (J.0001 0,4011

1 01 0.00;0: 0 . 22013 4.0000 0.0000 0.5.783
O.Opo .~0' - - 5.0000.0000 0. '3A,9
0.00?? .2714 41100 9.0000 oo

I CO0.00 2 0,20 ;:,','co 0.0000 a 1711

*0 .o('I. 0.21:7. 4.1300 -0.0000 0.'A

P.P,(00.0ons 0.0%85 4.14000 0.0000 0 . I14s

1,U~0490j0 0.1472 4.1500 0.0000 1).1077
0.0003 a.3055 0.1005 @.*ooo 0.09196

1:0 ý0 ::"000,2 0.1980 4.0700 0,5570 0.061T
0.0002 0.3164) 4.1400 0.50R3 0.00?3

?'on0.0000 0.,3112 4.1900 0.0000 0.0000
?. 1;L, , . r C-00 0.3431 -- 4.Z000 - - 0.0000 -- 0.0000

-o.Oooo 00." 3,17 .2PPO 0. 0.
I-?DO.000,oo0 0.3q641 4:21500 0. 0.

F.nt u-l _ 0.0000 - 0.5742 ----- A2750 0. 0.

340.0000l 0.3764 4.3000 0.0000 0,0000

-40 0.9- .7 - 4 qo00 0.00 00
3600.0or00 0.3a84 4 . Y 0 0.0000 0."000

1.340(154.00n 0.1'14 4,.C7S - 0.0000 0.40000

0.00.o' O.iQ72 4.4250 0.0017 0.0000
?.4000.10304 0.39044 -- 4.4300 0.01pla - .00 01

2.4600 0.0176 0.390,1 4.4750 O.S0o1 0.0017
0.0298 0.1402 4.5000 3.44-S7 0.0651

0.16954.5150*,Olo 0.14s7

0.0?1-0 0. 3,iqs 4.510 g.31 0.Q3
0- pA, 0.39 4,-,1%0 15947'. 1

l.'.fC-0 0.10A9 0.3ino 4,60(,0 0.6114 0.4005
P.%r.00.100? 0. "a09 4.7000 n.51%? 0.4?72

-- 0.15?T 0.3019 4 .oo (qso 0 0011111 ~ o4

P.62006 0.1099 0.314d 4.0000 2.1148 0.41916

AOTF-OAFM H I- PýAT4 7P TfI10019

Fimm I no0 TO 2.70 041CRONS a 1?4.2003 HMY/
rpim 3.9 0 f 4.00 MICRONOS N 003.0880 my/sy
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copir awab DIJC DOA

PIRFP Tk'Sr D:i,11ILLM4 h
- ~~9PF.CTPAI AI:I 41Fh~) LIICKflj

CA L

PPRLP EXTENSIUN 3TU0Y

ELFVAYTEIN *iJ21Fg n.~ rEG7FES
ASPFCT RATIUi = 1"sil
ASPFCT ANkbLE c ho0 DFRE
RANGE~ x S000t.00t LF .I

AVFRAGFJ PLtIMFATM0SPHFPE Tq4NSMI3SSVITY

FomM t.An TOl 2.70 MICROPNS a O.A213 4Ts
FROm 3.,,4 Tn 4.8o MICRONS = 0.5893 w tISR

PLUmE KR Tf"YAt S

FROM ts'80 FTO 2.70 mtrRqv3i 0.23SA hrT/SR
FRnm 3.9o) TO 4.830 mI.CqnNS 12.4u471 wT/SR

Bto A~ .



I::Fr.ENGTH Ib*AD1AINCt TR&HI"ISSIVtTY waytLU4GI94 1PNADIAMCr YRAW45'IRITVnY

(wCPNS WsTTSTEW/0M1c~fN) (P4ZCOUNS. (PATTS/5TtIPM1C '44

t.f04PU 
.60 0.010%3~mo ~ ~ o ~ '

.4.0 0046 2.b0@0 0.0136Iooi

go .IOA i2.I00 91002

1161o 0.0100 0.6A2? 3,9000q V0,004. 0.9%07

I.Ca 0.013I. C.02as 4.0nIof U0,0000.91

OC''a0 0.47 V.P1C Ic "'1006 0.00(10 O.441i

A9Pm 0779 42400 -0.0000 07%

t0 .NIP6 0.86qq - .200 0.000000731

21fy 0.0100 q*6A90 4.1400 .0.0000 G.7ole

2(On 0.014h 0.797A 4.1100 .0.0000 0.1,15'J

A ) 0.01 .A00? 4.1600 -02.0000 0,A10S3

41f.U ) .C~sO ~ eqp4*IQO 10.406 ~ tQ

I C, 0 .) 0 0 0.89A% 4.iPO00 0.0014 0.10000

P.no .0000 0.01p1l 6..1%0 0.0000 0.0000

n.co000 0.9039 4.iloo 0.0000 P.C400

?.0O0.OI0up (P.90611 4,J7SO 0.0on~ 0,0000

0 , Onn 4.03..9 4.3000 0.0000 0.V000

a:1o :It .17 4. 5250 0.0002 0.0000

1,6t) QonO 0.(os435r0.3105 0.0001

0.000?a .3711, 3,34 0.0072

11.00 liQ n.4100 4.41000 30.891? 0.0s06

D)MOA7 0.91 it 4*Mr~n 2.9-Z.jU.041

P.0~ -4, -.3A O-q .841500 45.0001 0.213ST

ý). 50 I" 14 7% O0QAQ 0. lh?6

n m"9 4.wo A l os0.1902

0.36 0.1ki0g 4.5s00 19.4060 0."910

2.%.0 .7m0 0.73,.702 .170 27?55% O.K?03

-. 36oA.7,469O 4.6000 2.14S21 0.M073

a "00 0.7lSIS 4.7000 2.2,069 0.9271

~~~~46o 11.469 0. 9o .i073S* .8109~5

O
0

0') 1.40 To 4.64 MI0.3t2s a Sv. 54S WTIST
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r Rf 0 T rs T Of¼ihi fH h

,Vý CT -I T 14.F Aoln L C, Knt
CAS

-. -- PIRIP F.XTtNSIIJ~j STt119Y

ELFVATTOiN ANI.Fz 0. I)t 4FF~
A.prr-T LWATTi11 ,

ASPFr ANLE a h0.40 ftr.PFES
RANGE di A 5fOn 0 .C 00 F

AVERAGE PLUmFAT~fSrYsP4FRF TRANSM!SSIVITY

fRnm 1:10 To 2.70l M!CPnNS a 0,3115 WT4/SR

vilk' 3.90 TO 4a.80 micunNS a 0. ;Q T/5R

PLUM4E ZR TOTALS TO.7

F~nmI-Rn TO2.7 s~r'IN a O,0305 PoT/5R
fRim 3.40O To u.EO mIrRr1NS = 1,12?1 vdT/SJR

ATT9NUATED HOT PARTS IR TOTALS

Proom 1,80 TO 2:10 MICRONS 0 2'4o3427 WTIST
FROM 3.90 TO '.Ao MICRONS i 2S,3670 W718T

LOCXON RANGE~, P[,.ET

ANoLi MISSILE m-UMBER

30:00 169J041 S4403,
604600,t.3&2



( Aifvrt~cH I~f:1 ~A~jCF -~N3~Y AVFLV NGTH !WUA(~j 414(F T'PANS5INSrV1lY
(.IRIS (ý .T TS/T 01 ( __0- 3I UIai , A 7S/s~tw/ qLh(rI-

U:16AIU I I u L
d-. 0.0- 14 3.9lU gno A1 1 .t, 1

.~o 0. -1.: :

2. opao 004 9J.11 - -,mo09,1 J01

a. 36" 4.*f01 0.00)00,1

c .Po :-0.0041 Q a :*?,too 0. 0

C .5I00 .0.0060l 0.?A lisp0 0.0ft0.

1400.9004l 3179I 4..I2o 6.,G00 _ .Ju

2.18O.4,V0O

2.4009__ - --u' - - - 9 343

a.6,m 9.0,9 leav q.`6940 40MQ ~ .0004
JAM0 0,1446 0.4000 U.14701 007

C ~ .S o 1.041, 3143?6 ~ 0A01
2 .546o 8.1%14 3.'311 4.51500Os.

0.6900 #.Re*iss 0,3130 4.59 so I

a L .426 0. luea 9.,3424 4.0006 3.66.1 U.41st
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P IJ P FP S T P uIrl I F '17
SPELCPI4 ';I (,P-AT ;ý A Nn sprc 7FTC 4 ýS A"L CS

cASE ~

PIREP UUTPtJT

T 71U 13J 00.OT 5 0 0,O
Re 'it.A? AS 5 34 . h U
PAMB 14.73 Em 1,0o
VC1Q nl , 40 0,

FR0.01 -- -

- R INDICFS

C~s-i?. 30-9-4 *-

*IPLU~ME 17. 3'J94
N ~OT PT8 2010. t298.

MISSILE PARAMFTERS

NP. _WAVELENGTH BAND SENSITI YITY -- NEI S/N

(MICRONS) (WATTS/CM**2)

1 Ci 4:7.250 10 4A00t1o U.7
2 4 40a W*Eho' 1.ýo 0140OfiE..if (),7

- - 3 i1~*to -.70 1409 02OOE-09 3,
4 3,90 -.800 1,0 0.*'OOOE-10 0.'7
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v y ij P rý 3 T pi n:.l IA 7

P IPF.P FXE-TLJ-,Tr1 .57111)Y

ELFVATIoN ANG1 .F= 0. r~'FIFFFs
-ASPECT RATIOI z 1.1-1

ASPECT ANGLL = i. IlLGR-tES

_ ATMS/

S19.0000 o.o . n
51,0000oo '.0000 0. 0000k

AVERAG.E PLI-JMF/ATmIl';PHFRF TRAN.5m!SSIVITY

FRnr, 1'80 TO 2.7fn M~rRnNsz oP.Riha wT/SP
FRnm 3.90 To tI.80 m~r~riNS = 0.6581 WT/SP
FRr1m4 '1~7 'G 4,2c; VJCPflNS = OgP722 WT/SR

FROH 4.'uo TO '4.60 MjrPO?4s =,q 4  WT/SR

PLUME IR TOTALS

FROM 1.,80 TO 2.70 MICRONS =j~oq4j4 WTISR
FROM 3.qO To 4.80 MIrRNS x 30,4418 WT/SR

FR(IM 4.tl7 TO 4.25 MICRONS -, 4,18LI3 WTS

FR(0ýi 4.40 TO 4.60 MICRON$ x 160?.385 WT/SH-
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Well(C640 I ~ ~ f4 m *l ",AV (I4 nTk( 8C~ *f

Po.rrs 8.ft r34,. Mahn I. 1- 'S14 80

ASP - 1ie" so ICl.4LI~~
I~l~NC",1, I.118b~tn'I..

I V.-fo 41 ::. Iffg 04f1~ .1111.1l 0. 4111 Oj Jj 111 48S'4 Pf 413661 1 ,i~ ~ 86WI3!8 .FtA 8 L.C~fC

I 4.1g8
8  

8 *.I16¶ 6. 4~IdRC(84 .l~,'n CC Sw *ti .1

48 6 8, *CO''4, -AVELI " pn. 1* I-0 d'.n~ r-W- .l88sris* l '

O ..Ittof 61 3-111fCS .. IlSc 8461 1 .I4I8

Ate if*. OW Sit f n&ICl4 64,0 'FA ~ 1. 1.7 lotac L.13iurhr i

488 ii.iSPIOC90I, A -Vgt(-lC? 6C0 $AND .0 A,6 41141. ("1lSTlNS 1y

AJ- 34 1,nl8 81 9I7 O-i-GI 6 ,8.1 O I 11.k1I 711A ChIg*I lal 1.;,6

ft ~ ~ ~ If l *lee i n8. I .1 .101611sI 68 01.41 *I 6

8W 6 8C.88114C(13 - 0to 8.1110%81-6 0.8 vsk #J!'01.11815 048

As actolroi4 s 8811.O @..aC 6i di6"I18 A~gC, 83 O.8*. A 81ia

N 8.38e8 83 0.11186 1f 8.C8618 oil813 8i 1 8.,ill.( 61

asp MC!1eC, n4It.~ 8548 I.. 6.8 -1 1141. 108fl-8 ,0

asp3e818 8.1 1 -888 e.I-TH 8 SRfJ,34 WI 4 1117U21111
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rT1 1F T Pf~FH7

PIRLP EXTLý)JSWfI STIJOY

ELrvATTiIN At,(.rF: = LGFF
ASPI~C! PATTO z i

&S~pt~Cj nLLLm r EPFE.5

I1ANGFr S ~ fun.1O ýElI

AVERAGE PtUmFATWr1SPF4ER TRANSMISSIV1ITY

Fkn$h I.~Fc To 2.7 mTrRPINS o,72cil WJT/bP

FkROM S~fln TO a llsQ~ pj(r.pfh~s , WT

FpflH 4.17 TO (1. 2 5, HICR(1J5 ¾OT7 v/p

FRM4;4 TO 4.bo M!RrjlS V4

PLUME IR TtITAI-S

Fs~nti 1 -90 TO ?.70 MTC~fnmý t n)lo3 vT/Sk

FpDs 3.90 To ~4.A0 m4TCPr)NS Z 5.sl84 WT/SR

FRO)M '4.0 7 10 04, 4? m~rR"Ns= 0'i076 WI/sR

-- - R(M I4.4 TO j 6 MI ~4CW)N = U,S1SO W'TiSR

--..ATIF!NUATE.D HOT PARTS IR TOTALS

FN(tM 1,*80 To 2.70 MICRnNS = 226'4.6'42 ýNI5T

FROcM 3 90 TO 'i,8Q MICPONJS = 128,0QR1 NT 7/:3

- VRrn 407 To) .4*z t,ýttRflNS 9

FIR(M I4.40 TO L4..O MICHPNS Wvi7.352 w41/sT



pF7 F Pl TF .9T ll m 7
cPFTkAl Ir'- TII 'r) S FC TVI C MT ,5 TLES

CA SE .i

IPE~P F TLtISTUN SiUVY

ELrVATlfNl~ A4i'f;Lrt 0.,) GPFr FFS
ASFU'T kATlfj =
ASVP.rT AN"'LL = . flF rRFE S
pAlIGF c0oCnl.jflo FEjET

AVFPAr;E P1 1JMF,/ATMtOSPHFWE~ TRArJSmI5SIV ITY

FF.om i AO Tr 2.70 m TrP-l!J~rs 1).2740 KT/Sr?

FI.?PM 30t~e TOi 4.6 mTrwr!S = 0.4r~t, oT/aR

FROM 4 .*~c T uý 14 6() i r. N M 0,j1326 ~T/3R

-- PLUmE IR TO1TAL.S

-.- -F~Rflm I .8n TOj 2.70 MTCRONS =,It .T /5W
FRnm 3.qo TO) LI,o mlrkrfNS z .,tl WTisR
F~Rm u '17 TO £ia .2 MI RrflNS 0,00O79 lo.T /SW

FRrJM g9*4 :4 TOl 4Ibtl MIr~r)Ns c,10 "7i/5kN

- ATTENUATED HOT PARTS YR TOTALS

fRflm 1'8 -07 2.7() MICRONS = SS9.02At WT/ST

F R( 3.90 Tn 4 .An m7r.Rc ý, =5 c;52 , 115 WT/ST
FRO~M 4.17 7(1 '4.- r r) =10 7 WTS
FROM L1.*40 Tn £u.6o MTCRONS Z 61,07241 WT/ST



F- - -. -,.-.---, ,

p~i Iu Tt~ F S P__V

pS • ' FT P 51 TImill Im 7;F A 1 ,

~~ 4_.4 • .%-" r-

PIREP FXTLNSION ST11DY

FLFVATTON ANrLF= 0, OEGrrES
ASPFrT PATTIl 1=?I
ASP.CT ANiLE = Vo. 0 rrr;r-'FS
RANGF U j, VIrY

AVERAGF PLLJME/ATMFISPIERF TRA1.9, ISSIVITY

FRfU' 1 .80 Tt) J.7(y) 'TCRrWNS = OTflu '

FR(Im 3.Qo0 Tfl 4. j ti.q rT rPniNS = ')¾7erI MT/L
FROM ",17 Tij '4.25, MIrCWINS z 0.t137¶ T.I/r
FROM 4.40 TO .oO MTIr.RnNS = 'T/.)

PLUME IR TOTALS

FROM 1;80 TO 2.70 MICRQNJ = M13112 IT/NR
FROM 3.90 TO 4.80 MICRONS = 17U,64oS WT/!S

FROM 4,17 TO 4o25 MICRONS = 3V,.1460 WT/Sg

__ FROM 4*'O To 4.60 MICRONS = 56,7 ng 'T/SP

_.. ATTENUATED HOT PARTS IR TOTALS

FROM I"So TO 2.70 MICRONS = 2268.Ob•b WT/ST

_ -FROM 3 IO To 4.8O MICRONS = 1257,242 W T /ST

FROM 4 ,17 TO 4.29 MICRONS c 22,3034 WT/ST

FROM 4.•40 TO 40.eO MICRONS " 297,6496 WT/ST
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P~fkFR TF~iT PPOil' Fm I
SPECTPýI. 'I~ijr.' T''.F ANDf SPEC IF IC HESSlt f-il

CASF 1'

PIREP EXTEU!ST1Yj rSTUDCy

ELFVATIOIN ANCnLFz 0.* ncri~
ASPECT RATIO: I , ')
ASPECT AN(I.L~ ic 30l(00 nF~rRrES

* RA'JF z rdh10.uO FEET

AVERAGE PLUME/ATM(1SPHýRF TRANSMISSIVITY

FROM t"AG To 2.70 MICRONSz 0O5oO55 wT/SP

Frflrm 3oqO Til 4 *. 40 MIrRnNS = O,158hc P MT/ Sl
FRnm 4,tl7 TO1 4 . 2 c; MICRrnN5 z OOhA3 4T/SP
FROM 4.aD TiO 4.60 m~rPONS = 0.5117 w'T/SR

PLUME IR TOTALS

---_---_ FROM 1~M Tov 7 . MICRONS x 4,828 ýv T /5
FROM 3.qo T) 'l.8o MICRONS a 9 , 6719 MT/SR

FROM 4l.tT Tfl 4.2c MIC~RONS z 1,5)2FA wY/SR
FROM 6,8 O l~ MCOS 1 7h7 MT/SM

___ATTENUATED NOT PARTS JR TOTALS

FROM 11'8O To 2.7ft MICRONiS = 1Q88.361e6 WT/ST
VHOm 39 Ti) 4* 8o MICRON3 = 1017,7'115 wY/ST

'FRnm 4%1~7 TO 4,~25 MICRONS x it11*o~ w T /ST

FROM i4~.ý4 To 4.6O MICRflNS x 185,067o wT/ST

A-9 2



0~F'TF IT P~l-! 041 7

5CTl AL , j(;pAT0Jr4t At) SP'ECIFIC MSIL
CASL. t

PIRrP FXTLN.SIUJN ST11DY -.- -* -

FLrVATT(IN AtJrPtFi' 0. nFcRFES
ASPECT PATT~l I j..d

ASfLrT ANU'LF 1 31~.00 ,)GRFES
RANGE 9 5t~ott)i.j0 FEFT

AVERAGE PLUME/AT ISPHEWI TRANSMISSIVITY

FRM ~f T 2~ MICRONS a 0,3O'i? W'T/SR

FROM 'S co TIl U.81) mTrRONS a 0,,?517 /S

FRO~M ' '117 TO a. 25 MICRONS x 0 a 00055 vT /SR

FROM £4.d0 To 4.b
0  MICRONS 2 0, 1305 WT/15R

PLUME JR ToTALS

FROM 180 To 2470 MICRONS 3_ 2.1578 WT/SR

FROM 3.90 TO 48 MICRONS 0,76959 WT./SR

FROM 4;17 TO 'J.25 MIrRONS 0.01,13 WT/SR

-- - FROM d4.40 TO 4,60 MICRONS 2 . W3 T/Sp

-- ATTENUATED H01 PARTS IR TOTALS

rROM 1;80 TO 20.10 MICRONS * 7153.20?0 UT/ST

FROM 3qt9O TO i*.eO MYCRjNS . d&36,3z;S5 v4T/ST

FROM 4.17 N0 .2 MICRONS = 0 0898,? WT/ST

FRnM 4:40 TO 14060 ,41rROMS = 9,89tI WT/ST

A-9 3



CASE 7

PIlPt [ATLNIS11)w SH.'Dy

ELFVATinN A~"rLFz n, )E~EASPECT RATTil 1000
ASPEFr'T A11CLr 17130'0
RANGF v 0. FLET1

AVERAGE PWMU AT40SPJ lFQ T:lANSM1uISSVlTY

FPflm I :so Tv e.7n mrcpn'.s x .~, TSFROM~ 3 ,,QO Tri 4.$0 MICRONS = 0.7dR T/Sk
FRgJ, .40~q ToJ .4.60 MICRONS z a ? r~/.IR

PLUME IR T OJTALS

F'ROi 1100 Til 2.*7 a micRnN3 X 2,8872 *TIR~FROM 3..9 TO 4.80~ MICRnNS X bO.65?O wr/sRFR(1m 4,07 TO 4.2% MrR'N a I42,.8?7 WT,'SRR(3 M4 ,4 Tt*O lf 4 q'b MICRr3NS * jl?."oq A~,r Sp

.ATTE~NUATLD HOT PARTS IR TOTALS

FROM t,80 Tol 2%0 MICRONS a 49~5,9608 WT/IjJFRflM 3 190 TO 4J.80 mJCRnN3 x 3I0.SI70 wT/STF~ROM4 1I1t To 4.L?s MIRO~NSj x 5,6,23a Wi/5TFROM 4,.40 TO '4,60 NICRONS 8 7'6e0816 wT/ST

A-94



PTRFIP Tf--T P~fRUI-F' 4 7
)V C T'?AL 9 JrrA TIl~7 A10 ii'))FC IFT t T.0M1 [:5

rASE ýi

PIP[? EATLNSTL)N rTI'DY

Fk-FVAT LiN ANtGLF.z 1 )'ý1 H * I4F S
ASPECT PATTI,) 1.0 0
A3PECT ANGLE = 17(1 nF nrPFFS
RANGE 2ut 9 I (pi) Fr-F T

AVIERAGE PLUMF/A T4:ISPHFRF bTlANS04TSSI1VI TV

F~fl'4 TO~ T ) 7o p4Tr'f)P;j 0 79r,5 T -j
F~l 3.',40 Thi iA.,; 40'TflI(V4 0~.5675 I /sq.

-~-FRrit' iijj7 Ti .14.25 mjh qrms1 1) , M0wr/sp.
.RrOm 'h.10 Til u~~i MIC~ff)NS 0,51154 WT/Sq

PLUME. ZR TOTALS

F R r) 4 1 .-)3O TI (1 70 P4TCRr1P.S t,7277 v4T/53l

FROM '4.*7 To a . ,,mirRri's z OIlflh WT/'IR
FROM '4..0 To 14.b MICIRO)4S s 2,?271 v4/3k

ATTIENUATE(' HOT PARTS IR TOTALS

FRem 1,00f To 2..70J MICRONJS = 435,6969 WT/ST
FROm 3 -t,4 Toi 'iqn Ml:Rr)NS = 21;nhb~tj WT/5T
FROM 4.1j7 TO i4p MIC~)N,3 z 2.78o2 1/ 5T
FROm £I.40 TO '4.61) HtrPRNS z ii.14 wTIST
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PTREP TFST PPflHLEH 7
SPECTRAL. 91G,,JAT'JRr ANO SPFCIFIC My9)!;jtEs

CASE 9

PIPEP FXTJ;NSTIJN ITI'DY-

FLFVAT!IjN A'JrLFs nl. DEGREES
_.~.ASr'ECT W.ATTIJx .)

A57FrT ANGLý x 17').uo WG9;rES
RAPIGF 31 500.()00 FLFT

AVERAGE PLUjME/ATMOSPHERE TRANS'41S1IV17Y

FRrP4 1:3A TO ~?.70 mIrR0UNS 0,30og' wT/SR

F~fl~i 3.f4n TO 3,A micrPINS = 0,2S17 wT/SR
F~l)% ý4 17 To '4.29) M!CRINS x OQO~t, 'WT/SR
FROM de.40' TL) 4.6 mICRONS x 0.i38a wT/5R

PLUMLI: R TOTALS

FROM t%010 Tn ?.70 MrCRONS x O*77l9 WT/SR
FROM 3.9n To 'igo MTRr1rNS = 0,2'47o WT/SP

FROM 4;17 TO i.2S MICRINS a 0,0035 WT/SR

FROM 4.J0 TO e&.60 p4TCRnNS 3 0,1653 WT/SR

AU-ENUATEn -HOT PARTS- IR -TOTALS---.-.

FROM 1*0 TO 2.'70 MICR(INS a t64,8217 wT/ST
________ FRfl' 3%90 TU 4,803 mICRONS x 10i,4119 MT/ST

FRfL14 4.17 TO 4.2S micRONS x 0,?213 WT/ST

FROM 0.'40 TO '4.60 MICRONS ; 12.3516 WT/ST

LOCMN RANGE; FEET

~ASPECT ~-
ANGLE MISSILE NUMBER

49112.a095, 41639. 1215
30.00 14005a. 4j7a3, 39tAb, 104718.

1700~0 8819. 27538" 21847. 61(189*
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FLOW CHARTS FOR
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